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This is an 
artist’s concept of 
the world’s biggest 
radio telescope 

This giant telescope will use radio 
waves to locate objects that are bil¬ 
lions of light years out in space. The 
dish-shaped mirror will be 600 feet in 
diameter—about the size of Yankee 
Stadium. It will be the biggest mov¬ 
able radio telescope ever known. 

As you’d imagine, it is going to take 
a lot of material to build an instru¬ 
ment this size. The American Bridge 

Division of United States Steel, as a 
major subcontractor, is fabricating 


and erecting 20,000 tons of structural 
steel for the framework alone. The 
U. S. Navy through the prime con¬ 
tractor is supervising the entire job. 
When it’s completed, there’ll be a 
power plant, office buildings and per¬ 
sonnel facilities for a permanent 500- 
man crew. The site is near Sugar 
Grove, West Virginia. 

United States Steel produces many 
of the materials that are essential for 
construction: Structural carbon steel; 
high strength steels; alloy steels; stain¬ 
less steels; steel piling; steel drainage 
products; cements; slag; reinforcing 
bars; welded wire fabric; wire rope; 
steel fence; electrical cable; and other 

allied products. 

The most important building pro¬ 


jects in our nation depend on steel. 
And steel depends on men like you. If 
you would like to find out about the 
many career opportunities at U. S. 
Steel, send the coupon. 

USS is a registered trademark 

United States Steel Corporation 
Personnel Division, Room 6085B 
525 William Penn Place 
Pittsburgh 30, Pennsylvania 
Please send me career information 
about U.S. Steel. 

Name________ 

School-—- 

Address_ 


City_Zone-State. 











The crushing 
pressure of 
2,000,000 psi 


At the General Motors Research Laboratories the 600-ton tetrahedral anvil press duplicates pressures 
which exist 200 miles beneath the earth’s surface. The purpose: to study the combined effect of ultra-high 
pressure and temperature on the physical and chemical properties of known materials with an eye toward 
improving their properties or even creating new materials. 

What happens to solids at pressures of 2,000,000 psi and 7,000 degrees F.? General Motors has 
the research facilities required to answer these questions. In addition, GM offers experience 
and diversification to provide the young scientist and engineer with unlimited opportunity. 

Automotive research, production engineering and manufacturing, electronics and astronautics 
are just a few of the many technical areas offered. You will be given every opportunity to con¬ 
centrate on one, or if your interests are varied you may move into other divisions. You’ll be in 
a position to tackle big jobs at GM because this is where important things are being done. It’s 
the opportunity of a lifetime and it offers a lifetime of opportunity. 

General Motors also has a program which provides financial aid for postgraduate and und'er- 
graduate studies. For more complete information check with your college Placement Officer, 
or write to General Motors Salaried Personnel Staff, Detroit 2, Michigan. 

GENERAL MOTORS 


GM positions now available in these fields for men holding Bachelor's, Master’s and Doctor’s degrees: Mechanical, Electrical, Industrial, Metallurgical, Chemical, 
and Ceramic Engineering • Mathematics • Industrial Design • Physics • Chemistry • Engineering Mechanics • Business Administration and Related Fields 
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The care and feeding of a 




It takes more than pressing a button to send a giant rocket on its way. 
Actually, almost as many man-hours go into the design and construction 
of the support equipment as into the missile itself. A leading factor in the 
reliability of Douglas missile systems is the company’s practice of including 
all the necessary ground handling units, plus detailed procedures for system 
utilization and crew training. This com p lete job allows Douglas missiles like 
THOR, Nike HERCULES, Nike AJAX and others to move quickly from test 
to operational status and perform with outstanding dependability. Douglas 
is seeking qualified engineers and scientists for the design of missiles, 
space systems and their supporting equipment. Write to C. C. LaVene, 
Box 60Q-E, Douglas Aircraft Company, Santa Monica, California. 

Alfred J. Carah, Chief Design Engineer, discusses the ground installation 
requirements for a series of THOR-boosted space ft ft I I ^ I AO 
probes with Donald W, Douglas, Jr,, President of 1/UUvLAu 


MISSILE AND SPACE SYSTEMS S MILITARY AIRCRAFT 8 DC-8 .JETLINERS ■ CARGO TRANSPORTS ■ AIRCOMB® B GROUND SUPPORT EQUIPMENT 
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Books 6 


The Biological Clock 11 

Almost every creature carries a built-in clock. 
Biologists are now trying to find out what 
makes it tick. 

by Hendrik J. Ketellapper 


On Our Cover 

a strip of the punched paper tape 
used in the Institute’s Digital Com¬ 
puter. Information is contained in the 
punched holes using a seven bit code 
per character. This tape is read opti¬ 
cally into the computer at 1,000 char¬ 
acters per second. 

Information within the machine is 
also punched out on tape like this at 
60 characters a second and is sub¬ 
sequently translated by an off-line 
printer. The computer has a high¬ 
speed direct-printing output as well 
that runs at 700 characters a second. 

You’ll get a closer look at this com¬ 
puter, and at some of the interesting 
research in progress in the Caltech elec¬ 
trical engineering department in the 
pictorial feature starting on page 17. 


“The Biological Clock” 

on page 11 tells about the unique 
timing mechanism built into most 
plants and animals. The author is 
Hendrik J. Ketellapper, research fel¬ 
low in biology, and a native of Hol¬ 
land. Dr. Ketellapper received his 
B.Sc. in 1947, his D.Sc. in 1951, and 
his Ph.D. in 1953 from the State 
University of Utrecht. He has been 
at Caltech since 1957. 


Fritz Zwicky, 

an old hand at starting arguments, 
is sure to start another with his article 
on smog on page 22. Let it be noted 
that the opinions expressed in this 
article are those of the author; they 
do not necessarily reflect the editorial 
opinion of Engineering and Science. 
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going on in Caltech’s Electrical Engineering 
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HUGHES MASTERS FELLOWSHIPS. The Hughes Masters Fel¬ 
lowship Program offers unusual opportunities for education leading 
to a master’s degree... and, in addition, provides each fellow with 
practical experience in the professional field of his choice. 

Approximately fifty new awards will be made in 1961 to qualified 
applicants possessing a bachelor’s degree in science or engineering. 

A selected group of award winners will be offered a FULL STUDY 
PROGRAM. Participants in this program will receive fellowships that 
permit them to attend an outstanding university on a full time basis 
during the regular academic year with a substantial stipend. 

Other award winners will be assigned to the WORK STUDY PROGRAM 
and will attend a university sufficiently near a facility of the Hughes 
Aircraft Company to permit them to obtain practical experience, in 
a professional field of their choice, by working at the company half 
time. An appropriate stipend will also be awarded. 

After completion of the Master’s Program, fellows are eligible to 
apply for HUGHES DOCTORAL FELLOWSHIPS. 


HOWARD HUGHES DOCTORAL FELLOWSHIPS. If you are in¬ 
terested in studies leading to a doctor’s degree in physics or engi¬ 
neering, you are invited to apply for one of the several new awards 
in 1961 on the Howard Hughes Doctoral Fellowship Program. 

This unique program offers the doctoral candidate the optimum 
combination of high-level study at an outstanding institution plus 
practical industrial experience in the Hughes laboratories. 

Each Howard Hughes Doctoral Fellowship provides approximately 
$8,000 annually. Of this amount approximately $1,800 is for tuition, 
thesis and research expenses, other academic fees and books. The 
remaining amount is the award of a cash stipend and salary earned 
by the fellow. 

Howard Hughes Doctoral Fellowships are open to outstanding stu¬ 
dents qualified for admission to graduate standing. A master’s de¬ 
gree, or equivalent graduate work is essential before beginning the 
Fellowship Program. 



Hughes 

Fellowship 

Programs 








For both programs, typical areas of research and development to 
which fellows may be assigned while working for Hughes include: 
weapons control systems, infrared search and track systems, 
advanced propulsion systems...parametric amplifiers, masers, 
lasers, microwave tubes and devices, electron-tube and solid-state 
displays, semiconductor materials, antenna arrays, aerospace ve¬ 
hicles... plasma electronics; solid state, atomic, nuclear and aero¬ 
space physics; propagation, mechanics of structures, chemistry 
and metallurgy... systems analysis, human factors analysis, net¬ 
work analysis and synthesis ... microminiaturization, communica¬ 
tions, data processing, information theory, simulation. 

The classified nature of work at Hughes makes American citizenship 
and eligibility for security clearance a requirement. 

Closing date for applications: January 15, 1961. 

How to apply: To apply for either the Howard Hughes Doctoral 
Fellowships or the Hughes Masters Fellowships write Dr. C. N. War- 
field, Educational Relations, Hughes Aircraft Company, Culver City, 
California. 
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Books 


The Doubleday Library 
of Science 

Doubleday ir Co .$9.95 

This initial volume in a new series 
of reference books for young people 
covers the physical sciences of chem¬ 
istry, physics, and astronomy. (Math¬ 
ematics will be in a later volume.) 
It uses far more pictorial material 
than the usual encyclopedia, and the 
entries are less compact and more in¬ 
formal. Also, the material is organ¬ 
ized on a systematic, rather than 
alphabetic, basis — on the grounds 
that a young person is not just after 
a quick reference, but is interested 
in “the fascinating threads which run 
from a fact he wants.” 

It makes a handsome and useful 
reference book — and not only for 
young people either. 

This volume of the Doubleday Li¬ 
brary was produced under the direc¬ 


tion of an editorial board headed by 
Dr. J. Bronowski. Volumes to come 
will cover the fields of Nature, Geog¬ 
raphy, World History, Society, The 
Arts, Technology, and Words and 
Ideas. 

The Science of Mankind 

by Jane Werner Watson 

Golden Press . $4.95 

Jane Watson — the wife of Caltech’s 
former dean of the faculty. Earnest 
C. Watson — follows up her 1958 
book. The World of Science, with 
this equally impressive survey of the 
social sciences. 

As the introduction to The Sciences 
of Mankind says: “It seems likely 
that in the decade ahead the absolute 
increase in the number of scientists 
will also mean a relatively greater 
percentage dealing with the sciences 
of mankind. There is every indication 


that the social sciences will have their 
fair share of the able young people 
planning careers in these fields. While 
many social scientists are currently 
engaged in teaching, larger numbers 
must be added to the faculties of 
universities and colleges. More social 
scientists will be employed in indus¬ 
try, in international agencies, and in 
research institutes both public and 
private. Government agencies must 
recruit men and women with disci¬ 
plinary training in economics, political 
science, statistics, geography, history, 
anthropology, demography, sociology, 
and psychology.” 

Mrs. Watson covers all these fields, 
and a few more besides, in The 
Sciences of Mankind. As in The World 
of Science, she tells her story, when¬ 
ever she can, in terms of people, and 
with plenty of colorful pictorial ma¬ 
terial. The result is an admirable in¬ 
troduction to the world of the social 
sciences. 
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ENGINEERS: 


CIVIL...MECHANICAL...ELECTRICAL- 


Edison offers you both challenge and opportunity in the 
all-electric future. 

If you want a career with challenge, we at Edison 
would like to talk to you. 

We’d like to explain our role in the expanding economy 
of Southern California. Today, Edison serves over four 
and one half million people. In ten years it is estimated 
that one half again as many will be served. 

And we’d like to explain how you can fit into this all¬ 
electric future. Unlimited opportunities exist for creative 
engineers as the demands for electricity continue to grow. 
To meet these growing demands new and more efficient 


engineering, construction and operating methods must 
be developed. 

You’ll find opportunity at Edison. Because at Edison, 
you link your future with the all-electric future. 

For full details, write or call: 

Mr. C. T. Malloy 

Southern California Edison Company 
P.O. Box 351 • MAdison 4-7111 
Los Angeles 53, California 


SOUTHERN CALIFORNIA 
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IMPORTANT DEVELOPMENTS AT JPL 


THE CRYOGENIC GYRO 


A fundamentally new type of gyroscope with the possi¬ 
bility of exceptionally low drift rates is currently under 
development. The design techniques used in conventional 
electro-mechanical gyros appear to have been largely 
exploited. A break-through is needed, and the cryogenic 
gyro may well provide it. 

The cryogenic (liquid helium temperatures, in the range of 
4°K) gyro consists of a superconducting sphere supported 
by a magnetic field. The resulting configuration is capable 
of support in this manner as a result of a unique property 


of a superconductor. Exceptionally low drift rates should 
be possible. This cryogenic gyro has performance potential 
unlimited by the constraints of conventional electro¬ 
mechanical gyros. 

This is just one example of the intriguing solid state con¬ 
cepts which are being pioneered at JPL for meeting the 
challenge of space exploration. In addition to gyro applica¬ 
tions, superconducting elements are providing computer 
advances and frictionless bearings. The day of the all-solid- 
state space probe may be nearer than one realizes. 


CALIFORNIA INSTITUTE OF TECHNOLOGY 

JET PROPULSION LABORATORY 

A Research Facility operated for the National Aeronautics and Space Administration 

PASADENA, CALIFORNIA 

Employment opportunities for Engineers and Scientists interested in basic and applied research in these fields: 
JNFRA-RED • OPTICS • MICROWAVE • SERVOMECHANISMS • COMPUTERS • LIQUID AND SOLID PROPULSION • STRUCTURES • CHEMISTRY 
INSTRUMENTATION • MATHEMATICS • AND SOLID STATE PHYSICS • ENGINEERING MECHANICS • TRANSISTOR CIRCUITRY 
Send resume, with full qualifications and experience, far our immediate consideration 
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fog, make chemical reactions go faster. Ultrasonic waves can weld one metal to another without heat. Help decontaminate 
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Dow means an opportunity for 

individuals, ideals, ideas 


individuals. Chemistry seems to draw a particular kind of 
person. Whether he’s a scientist or a salesman, an engineer 
or a marketing man, when he chooses the chemical industry 
for his career he singles himself out as an individual. This is 
the kind of person who makes up the Dow organization. At 
Dow, teamwork has its place, but it is recognized, too, that 
most great ideas are born in the mind of an individual as he 
thinks about the problem. 

ideals. People may occasionally speak disparagingly of 
someone as “a dreamer and an idealist.” But these are 
exactly the qualities of all the men who seek to make some¬ 
thing great out of something commonplace. When Herbert 
H. Dow turned an insignificant brine well into a vast chem¬ 
ical empire, he established the Dow philosophy that “every¬ 


thing must be good for something, and we will make it 
work.” The rest remained for one other factor. 
ideas. There are few places in the world that allow more 
room for ideas than a chemical company. In the first place, 
new chemicals, most of them never before existent at all, 
are made at an astounding rate. If the chemical is made for 
a specific job, then at least one application is known for it. 
But many others are the result of pure research or are 
by-products. These require ideas to put them to work, or to 
convert them, or to use them for undreamed-of applications. 
At Dow, sound ideas are tantamount to action. 

To learn more about the Dow opportunity, visit, or write to 
the Technical Employment Manager at one of the locations 
listed below. 


California— Pittsburg, Seal Beach •* Colorado— Rocky Flats •• Illinois— The Dow Metal Products Company, Madison ••Louisiana— Plaquemine 
Massachusetts— Eastern Research Laboratory, Framingham •• Ohio— The Dobeckmun Company; Dow Industrial Service, Cleveland 
Oklahoma— Dowell Division, Tulsa ••Texas— Freeport ••Virginia— Williamsburg *• Canada— Sarnia, Ontario 
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“The world is teeming with problems. Wherever man 
loots, he encounters some new problem i— in his home 
life and in his job, in economics and in technology, in 
the arts and in the sciences. And some problems are very 
stubborn; they refuse to leave us in peace. They torture 
our thoughts, sometimes haunting us throughout the day 
and even robbing us of sleep at night. If by lucky chance 
we succeed in solving a problem, we experience a sense 
of deliverance and rejoice over the enrichment of our 


knowledge. But it is a different story, and highly annoy¬ 
ing. to discover after tedious efforts that the problem is 
incapable of solution — either because there exists no 
indisputable method of solving it or, because soberly 
looked at, it is void of meaning — a phantom problem on 
which our labors and thoughts were wasted. There are a 
good many such phantom problems — in my opinion, far 
more than is ordinarily assumed even in the sciences. 

— Scheinprobleme der Wissenschaft, 1947 


THE RAND CORPORATION, SANTA MONICA, CALIFORNIA 

A nonprofit organization conducting multidisciplinary research in the physical and social sciences, and engineering on problems related 
to national security and the public interest. Rand economists are concerned with applying' rational principles to problems of choice, 
with estimates of economic war potential, with system costs, and provide economic data and models for other research projects. 
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The Biological Clock 


by Hendrik J. Ketc]tapper 


One of the interesting things that biologists have 
learned in recent years is that almost every creature 
and plant carries a built-in clock. This timepiece 
directs creatures to wake and sleep, to eat and drink, 
and even directs their sexual activities in some in¬ 
stances. Many living organisms carry out activities at 
a fixed time of the day: Birds sing at dawn, bats fly 
at night, many flowers open and close at regular times. 

Plants and animals not only know the time of day; 
they are aware of seasonal changes, and they can 
measure the length of the daily light period as well. 
Trees know by the length of the daily fight period 
when to start growing and when to stay dormant in 
order to stay alive. 

Biologists have become aware of this phenomenon 
during the past 30 years or so, and they are now 
making many studies to determine how time influ¬ 
ences the growing patterns of plants and animals, and 
how organisms measure time. 

These studies have shown that creatures appear to 
act as though they possess not only timers, but also 
clocks which may run for days in the absence of any 
external time signal. The rate of many biological proc¬ 
esses changes in a rhythmic manner — for example, 
the luminescence of Gonyaulax (one of the organisms 
responsible for the luminescent display sometimes 
observed in the ocean when the water is disturbed). 
The respiration rate of many plants also varies be¬ 
tween a maximum and minimum in a regular manner, 
and when the rates are plotted against time the result¬ 
ing graph suggests a rhythm. The maxima and mini¬ 
ma occur at approximately the same time on succes¬ 
sive days, so the period of the rhythm is 24 hours. 

Research has shown that these organisms identify 
time of the day by an initial signal from the environ¬ 
ment. Generally, the signal is a single factor or event 
in the environment, and with very few exceptions this 
signal is the light-dark or dark-light change. The 


organisms respond to this environmental signal after 
a certain period of time, and the length of that pe¬ 
riod is determined genetically — although it may de¬ 
pend somewhat on conditions. 

All the examples that have been mentioned so far 
have one thing in common: The pattern of activity 
can be directly related to a single environmental 
signal, and the time interval between the signal and 
start of the activity is fixed. In such cases the only 
requirement for the time-measuring system is that it 
should be able to measure fixed time intervals, so the 
time-measuring device need not be very elaborate. In 
fact, an hourglass might well simulate this time¬ 
measuring element. 

We can imagine how such a biological hourglass 
may work. The environmental signal starts some 
physiological process — for example, the synthesis of 
a hormone. When sufficient hormone has been ac¬ 
cumulated the organism becomes active — the bird 
starts singing or the bat starts flying. This model can 
also be adapted to account for rhythmic processes. 

The response of plant growth and development to 
the length of the light or dark period, called photo- 
periodism, can be explained in the same manner. 
Some plants (called short-day plants) can be made 
to flower when the length of the dark period is 
greater than a critical number of hours. Following 
the hourglass model, we can assume that something 
is being made by the plant in darkness which causes 
flowering. A minimum number of hours of darkness 
is required to make a sufficient amount of this sub¬ 
stance, or to complete the synthesis of a stable prod¬ 
uct. 

When the dark period is too short, the quantity 
made is too small, or synthesis stops at an unstable 
product. The experimental evidence supports the sec¬ 
ond alternative. In either case no flowering will occur. 

In order to explain the absence, of flowering when 
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the night length is kept shorter than the critical one, 
we assume that any product made during such short 
nights is destroyed in the following light period. 

There is ample evidence for such destruction, 
which will prevent the accumulation of an adequate 
supply of the flowering stimulus over a larger num¬ 
ber of nights. 

Is the time-measuring device of living organisms 
really an hourglass and can it explain all observations 
involving time measurement? In many organisms the 
measuring device appears to be more sophisticated 
than the simple hourglass. Take, for example, the 
complex performance of the honey bee. Bees are able 
to return to a feeding place on successive days at the 
precise time of the day at which they initially dis¬ 
covered it. Moreover, honey bees can be trained to 
come for food to a certain place at a fixed time of the 
day by offering them food at a certain hour — say, 
from 10 till noon — for seven days. Then an empty 
feeding dish is placed at the feeding spot. The trained 
bees continue to come to this spot between 10 and 
noon for many days, even though no food is offered. 
The bees even start coming back to the feeding spot 
again at the fixed time after they have been unable 
to fly for some days because of bad weather. 

In these beautiful experiments we find that a bee 
can recognize any time of the day and that it does 
so by measuring the time elapsed since dawn. Appar¬ 
ently bees can also remember what happened at any 
given time. Although the honey bee measures time 
intervals, its performance is more complex than that 
of birds, bats, and flowers because the bee is able to 
look at its timing system at any moment of the day 
and draw conclusions about the time passed since 
dawn. In the time-measuring device of the other crea¬ 
tures, some activity always occurred at a fixed time 
after a signal. The time-measuring instrument of the 
bee has to be more refined than an hourglass unless 
the bee can accurately estimate how much sand has 
run through its hourglass at any one time. 

A second group of phenomena requires a similar 
timing mechanism. During the 1950’s some remark¬ 
able cases of celestial navigation were discovered in 
birds and arthropods. These animals use the sun as 
direction-giver. In order to compensate for the shift in 
position of the direction-giver during the day, they 
make use of an internal timing system. The follow¬ 
ing experiment demonstrates this very elegantly: Two 
starlings, trained to look for food in a given direction, 
are placed in a room and subjected to a light-dark 
regime which is displaced by six hours in comparison 
with the natural regime. Thus the birds receive arti¬ 
ficial light from six hours after sunrise until six hours 
after sunset, and they remain in darkness for the re¬ 
mainder of the 24 hours. Temperature conditions 
correspond to the new light regime. 

After approximately two weeks of such treatment 
the birds are tested in the original environment and 
their behavior appeal's to be changed. A bird trained 


to look for food in a westerly direction now looks 
for food in a northerly direction. It seems as if the 
starling applies a wrong correction factor to the posi¬ 
tion of the sun and overcorrects by 90°. As the posi¬ 
tion of the sun shifts 90° in six hours, the logical 
explanation is that the timing of the starling is off by 
six hours. In other words, due to this abnormal treat¬ 
ment, the synchronization between the internal time¬ 
measuring device of the bird and the sun has been 
upset: The timing system of the bird is slow. 

This experiment demonstrates that the starling is 
able to refer to its time-measuring device continuously 
and can tell at any moment the exact time elapsed 
since dawn, just as the bee does. It uses that infor¬ 
mation for its orientation in space. The same is true 
in other cases of celestial navigation which have been 
investigated so far. In all these cases it has been 
shown that the timing is very accurate. 

A third group of phenomena also bears on the 
nature of time-measurement in living organisms. 
Many activities continue on a rigid time schedule in 
the absence of obvious signals from the environment. 
We will use the movement of bean leaves as an 
example, but there are many others to choose from. 
Bean leaves have a day and a night position. The 
position of the leaf changes in a regular manner be¬ 
tween the two extremes shown in the photograph 
below. Normally the time interval between two peaks 
is 24 hours because the dark-light change is the sig¬ 
nal which induces the leaf to start opening or rising. 

What happens when bean plants are transferred 
to an environment which does not provide any obvi¬ 
ous signals? Such an environment can be achieved 
by maintaining the temperature at a constant value 
and keeping the plants in continuous light or in con¬ 
tinuous darkness. In the absence of obvious cues the 
rhythmic leaf movement continues for many days 
and the peaks are 27 hours apart. Rhythms which 
persist in the absence of environmental signals are 
called endogenous rhythms. Such rhythms have been 
known for many years. 



The leaves of the bean plant have a night (left) and a 
day position (right). The normal time interval be¬ 
tween the two positions is 24 hours. 
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The rhythmic movement of bean leaves continues, 
with a period of 27 hours, in a signal-less environ¬ 
ment. The peaks in this record, which covers 6 days, 
correspond to the night position. 

The earliest reports originate from Zinn (1759) and 
extensive studies were carried out in the last quarter 
of the 19th century. The persistence of rhythms in a 
cueless environment tells us that the time measuring 
continues under such conditions. It is not restarted 
every day by an environmental signal. Moreover, the 
time-measuring device apparently is cyclic in nature. 
In the case of the bean leaves, one cycle lasts 27 
hours and any given leaf position recurs every 27 
hours. 

The study of the emergence of adult fruit flies 
(Drosophila) from puparia is an interesting aspect of 
internal rhythm. Normally the emergence occurs in 
bursts during the first few hours after dawn. It is 
inhibited during the rest of the day. The emergence 
pattern persists in continuous darkness and constant 
temperature, and the time interval between emer¬ 
gence peaks is 24 hours as expected. This in itself 
does not prove that the apparently cueless environ¬ 
ment does not provide any signals, or that the rhythm 
can persist without external signals. 

The probability that an external signal is received 
in continuous darkness and constant temperature is 
practically eliminated by the following experiment: 
It is possible to displace the rhythm in relation to the 
solar periodicity by using the environmental variable 
which normally functions as a signal. In the case of 
the emergence in Drosophila the signal is the dark- 
light change. One can subject a culture of Drosophila 
to a dark-light change at any time of the day — for 
example, midnight —by using artificial light. After 
transfer of such a culture to continuous darkness it 
will show a persistent rhythm, and the location of 
the emergence peak is determined by the experiment¬ 
ally established “dawn,” which, in the example, is at 
midnight. Rhythms established in this manner will 
persist, even though they are completely out of phase 
with solar periodicity. 

Cultures can be raised from eggs in continuous 
darkness and constant temperature. Such cultures 
have never experienced a 24-hour periodicity and the 
emergence is evenly distributed over the 24 hours. 
Yet, a single, unrepeated dark-light change starts off 
rhythmic emergence with 24 hours between peaks. 
The signal can be given by shining light for four 
hours on cultures which have been raised in dark¬ 
ness. This treatment offers two potential signals: a 
dark-light and a light-dark change. 

Although it is known that a light-dark change is 
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not effective in Drosophila, it would be more elegant 
to offer a single change. The experiment has been 
carried out by transferring cultures which have been 
raised in continuous darkness to continuous light. In 
this case the cultures receive one dark-light change. 
Immediately after the transfer such cultures, which 
did not show a rhythm before, start the rhythmic 
emergence with a period of 24 hours. 

These striking observations strongly suggest that 
the clock is internal and that it has the inherent 
ability to measure off cycles of approximately 24 
hours. It can do this without regular, external sig¬ 
nals. What is the nature of the action of a single 
signal? Does the signal start the time measurement, 
or does it synchronize time measurement already in 
progress in the individuals? The problem cannot be 
resolved using the emergence of Drosophila, because 
the periodicity cannot be measured as a function of 
the individual. It is probable that a signal turns an 
aperiodic culture into a periodic one by synchroniz¬ 
ing the time measurement in the individuals. How¬ 
ever, this has not been proven rigorously. 

The existence of persistent rhythms, the evidence 
from experiments with bees, and the role of time 
measurement in celestial navigation suggest that the 
biological time-measuring system is more complex 
than an hourglass. Rather we have to conclude that 
the time-measuring apparatus is cyclic in nature and 
that it can be continuously consulted. Therefore, ani¬ 
mals and plants possess a real, and very good, clock. 

Many other examples of accurate time measuring, 
besides the ones which have been discussed here, 
have been found, and in the last 5 or 10 years the 
word “clock” has become more and more common in 
biological literature. The biological clock is very ac¬ 
curate. This can be investigated in an environment 
without obvious signals. The period found in such 
environment is called the “free running” period. In 
many cases the free running period is different from 
24 hours, and this is an additional indication that the 
environment really lacks cues as far as the clock is 
concerned. The free running period is very constant 
in any one individual and its length is determined 
genetically. It is maintained accurately for many days. 
In general the free running period is relatively close 
to 24 hours, although for the bean this period is 27 
hours. 

In their natural environment plants and animals are 
exposed to alternating periods of light and dark, the 
combined lengths of which are 24 hours. It does not 
matter very much that the free running period is 
different from 24 hours because every day the bio¬ 
logical clock is synchronized with the outside world 
by some change in the environment. Light-dark 
changes or dark-light changes are most effective in 
this respect. However, synchronization is possible 
only to a limited extent. 

This can be illustrated by two types of experiments 
which have been carried out at the Institute. It has 
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been shown here that the growth of some plants, 
particularly tomatoes, is sensitive to the light regime. 
Tomato plants require a daily dark period for optimal 
development, and leaf injury appears very quickly 
when tomato' plants are grown in continuous light and 
constant temperature. Obviously, such plants with 
small, yellow leaves will grow poorly. So alternating 
light and dark periods are the requirement for good 
and normal development of the tomato plant. 

On the other hand, the combined length of the 
light and dark period, which we call “cycle length,” 
must be relatively close to 24 hours; otherwise, again, 
leaf injury and reduced growth result. This suggests 
that tomato plants have an internal 24-hour perio¬ 
dicity which is involved in the growth process, and 
that for optimal growth the endogenous periodicity 
has to be properly in register with the external perio¬ 
dicity. 

When the external periodicity differs from the in¬ 
ternal periodicity, the plant is able to compensate for 
this difference to some extent, but when the two 
periodicities are too different, such compensation is 
not possible any more and injury results. For ex¬ 
ample, leaf injury results when tomato plants are 
grown under 18-hour or 36-hour cycles at 17° C in¬ 
stead of under the natural 24-hour cycle. However, 
growth is affected by changes in cycle length of as 
little as two to three hours. Such small deviations from 
24 hours cause a reduction in growth. Experiments 
with the leaf movement of beans, where the period of 
internal periodicity can be measured directly, have 
also shown that the internal period can follow the 
external periodicity to a limited extent only. 

Tomatoes, peas and peanuts 

Tomato plants are more sensitive to light-dark 
periodicity than other plants which have been in¬ 
vestigated. Pea and peanut plants grow faster in con¬ 
tinuous light than in any other regime, and they com¬ 
plete their life cycle more quickly. Apparently these 
plants do not require a daily dark period, while the 
tomato plant has an absolute requirement for a daily 
dark period. However, peas and peanuts respond to 
differences in the external cycle length: When an 
external periodicity is imposed, the cycle length has 
to be close to 24 hours, or else the rate of growth is 
reduced. 

No visible symptoms of injury have been observed 
in peas and peanut plants grown in continuous light. 
Perhaps we may conclude that the bad effect of con¬ 
tinuous light on tomato plants has nothing to do with 
the biological clock, because a number of plants, in 
which an endogenous 24-hour periodicity is defi¬ 
nitely involved in the growth process, do not show 
such injurious effects. These experiments certainly in¬ 
dicate that plants are closely adapted to the natural 
24-hour cycle. 

A second type of experiment provides confirming 



The cycle length which allows best growth of peanut 
plants depends on temperature. At 30°C. (top row) 
plants grow biggest in a cycle length of 20 hours. At 
21° (middle row) the optimal cycle length is 24 hours , 
at 15° (bottom row) 27 hours. 


data and points out an important property of the 
clock. Plants grow better at some temperatures than 
at others. This fact has been of considerable interest 
to plant physiologists at the Institute. Investigations 
into a possible chemical nature of the bad effect of 
temperature have gone on for some time and it has 
been found that temperature damage can be partially 
overcome in a few cases by supplying chemicals to 
the plants. Which substances are active depends on 
the plant and on the temperature conditions. How¬ 
ever, another type of experiment has been carried out 
as well. 

Peanut plants and tomato plants are grown in arti¬ 
ficial light at three different temperatures — for ex¬ 
ample, 15°, 21°, and 30°C. The plants are grown 
under four different cycle lengths at each tempera¬ 
ture. Again, cycle length is the combined length of a 
light and a dark period. Every cycle consists of equal 
periods of light and dark. Therefore, when we say 
that the cycle length is 27 hours, this means that the 
plants are receiving 13y 2 hours light and 13 >4 hours 
dark during every cycle. 

The results of such an experiment with peanut 
plants appear in the photograph above. The plants 
respond strikingly to cycle lengths at the high and 
low temperatures, and the cycle length which gives 
best growth is different for the three temperatures — 
27 hours at 13°, 24 hours at 21°, and 20 hours at 30°. 
At 21° the effect is not very obvious by just look¬ 
ing, but when one determines the increase in dry 
weight of the plants during the experimental period 
the differences are quite clear. 

Leaf injury which occurs at the high and low tem¬ 
peratures under a 24-hour cycle disappears when the 
external cycle length is adjusted by as little as three 
to four hours. By adjusting the outside periodicity to 
the optimal value for a given temperature, very often 
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50 percent or more of the reduction in growth which 
would normally occur at that temperature can be 
prevented. 

The optimal cycle length is dependent on the pre¬ 
vailing temperature and, interestingly enough, the 
amount by which the optimal cycle length changes 
with temperature approximates the amount by which 
the periods of internal rhythms change with tempera¬ 
ture. The results support the notion that plants 
possess some inner, cyclical, time-measuring device, 
and that for optimal growth the external periodicity 
must be sychronized with the internal periodicity 
of the plant. The internal clock appears to run more 
slowly at lower temperatures and more rapidly at 
higher temperatures. At such temperatures it is not 
in register with an environmental 24-hour cycle, and 
it cannot be adequately synchronized with the envir¬ 
onment. 

Lack of synchronization between the internal and 
the environmental light-dark cycle is apparently the 
cause of at least part of the reduction in growth ob¬ 
served in plants grown under unfavorable tempera¬ 
ture conditions. The experiment demonstrates that 
small changes in cycle length have a significant effect 
on plant growth and development. 

Although temperature has an effect on the period 
of the clock, this effect is relatively small — certainly 
in view of the quite appreciable effects which tem¬ 
perature generally has in biological systems. It is 
quite possible that the effect of temperature on the 
clock is even smaller than indicated in these experi¬ 
ments, because it is difficult to determine the optimal 
cycle length exactly. In experiments where it is pos¬ 
sible to determine the period of the clock accurately, 
it appears that the clock is only slightly affected by 
temperature. To all intents and purposes the clock is 
temperature-independent. This indicates a very so¬ 
phisticated timepiece. 

Temperature independence has been found in all 



Peas and tomatoes grow best when the environmental 
periodicity is close to 24 hours. 
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internal rhythms. It also has been demonstrated in 
unicellular organisms, and it appears to be a basic 
property of the clock. This does not mean that the 
clock is insensitive to temperature — only that the 
effect of temperature on the period of the clock is 
small. The period may be changed for as little as 30 
minutes by a change in temperature of 10°C. This is 
very remarkable for a biological system. 

Temperature independence is a necessity for func¬ 
tional time-measurement by periods and the biological 
clock shares this property with our mechanical clocks. 
We have no idea how the organism achieves tem¬ 
perature independence. Presumably the clock is either 
a physical system or a temperature-compensated 
chemical system, component parts of which may be 
temperature-dependent. Although we know nothing 
about the mechanism of the biological clock, it is 
quite clear that living organisms possess a highly 
sophisticated timepiece. 

Clocks and photoperiodism 

Apparently many — perhaps all — living organisms 
possess clocks. It may be worthwhile to look again 
at photoperiodism with this in mind. It will be very 
satisfying if it can be shown that the clock is re¬ 
sponsible for every case of time measurement, includ¬ 
ing photoperiodism. A theory has been proposed 
which interprets photoperiodic responses as the re¬ 
sult of an interaction between the endogenous clock 
and the environmental periodicity. According to this 
theory the dark-light change starts off a cyclic, or 
rhythmic, change in the physiological state of the 
plant. Once the rhythmic change has been initiated, 
its course is determined exclusively by the clock and 
it is not disturbed by a light-dark change, nor by 
brief periods of light during darkness. The change 
involves the sensitivity of the plant to light: The 
plant is supposed to pass through a phase during 
which light promotes flowering (and other processes 
affected by light) and a phase during which light 
inhibits flowering. During each of these phases the 
sensitivity to light changes quantitatively. 

The explanation for the induction of flowering in 
short-day plants according to this model is as fol¬ 
lows: The start of the light period (dark-light change) 
starts the phase during which light is promotive. 
After 10-12 hours the change in sensitivity, which is 
regulated by the biological clock, has progressed so 
far that light becomes inhibitory. Short-day plants 
will not flower when the external light period lasts 
so long that the plants receive light after they have 
changed into the state where light is inhibitory. 
Therefore, short-day plants will not flower when the 
light period is longer than 10-12 hours. 

There is little direct evidence for this model, but 
a few observations suggest that internal rhythms may 
be involved in photoperiodic responses. A close cor¬ 
relation has been found in some plants between leaf 
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Hendrik Ketellapper 
checks the effect of day- 
length on the Coreopsis 
plant. The plant on the 
left has been grown in 
short days (8 hours 
light), the one in the 
middle in long days (16 
hours light). The plant 
at the right was grown 
in short days first, and 
then transfered to long 
days. This treatment 
makes the plant flower. 


movement and the sensitivity to light as measured by 
the [lowering response. Supporters of the clock theory 
of photoperiodism claim that this proves that leaf 
movement and changes in light sensitivity are both 
regulated by the biological clock. Such coincidence, 
however, is of value only as an indication. It is not 
absolute proof. 

Short-day plants flower when the dark period is 
longer than a critical number of hours. If the hour¬ 
glass model is correct, one would expect that pro¬ 
gressively longer dark periods will be better for flow¬ 
ering and that eventually a saturation point may be 
reached beyond which further increase of the dark 
period will have no effect. It has been found in 
experiments with the soybean — a short-day plant — 
that this is not true. 

Soybeans receive an 8-hour light period, but then 
different groups of plants are exposed to dark pe¬ 
riods varying from 12 to 48 hours. A 16-hour dark 
period causes excellent flowering, but when the 
length of the dark period is increased, the amount of 
flowering decreases and when the dark period is 36 
hours, there is no flowering at all. Dark periods of 
40-44 hours again cause excellent flowering. In fact, 
such dark periods are just as effective as 16 hours. 
No flowering at all is elicited by 48 hours darkness. 
Apparently a 24-hour periodicity is involved, and flow¬ 
ering is stimulated when the cycle length is 24 hours 
or multiples of 24 hours. Somewhat similar results 
have been obtained in other experiments. 

At the present time it is not possible to decide 
between the two models for photoperiodism: the 
hourglass or the clock. There is no compelling rea¬ 
son to accept the model employing the clock. Many 
plant physiologists feel that by involving the clock 
we replace something we do' not know much about 
by something which we understand even less. The 
hourglass model seems to be the simpler model and 
it is capable of explaining the vast majority of phe- 
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nomena. Furthermore, it is quite possible that, in 
those cases where an endogenous rhythm seems to 
be involved, the involvement is at a secondary level. 
The merit of the model involving the biological clock 
is that it relates all instances of time measurement to 
a common cellular clock. 

Time measurement plays a role in many aspects 
of plant and animal life in addition to the ones dis¬ 
cussed so far. Only in the last few years has its im¬ 
portance been generally realized. However, the most 
interesting questions still remain. Where is the clock 
located? What does it look like? And how does it 
work? Unfortunately the answers to these questions 
are not known. 

In plants, presumably every cell has its own clock, 
and the environmental events synchronize all these 
clocks so that the organism acts as a unit. In animals, 
many experiments indicate that the nervous system is 
involved and may be the site of time measurement. 
However, we have no idea of what the clock looks 
like or even what to look for. It is not known in what 
part of the cell it occurs, whether in the nucleus or 
in the protoplasm. The mechanism of the clock is not 
known either. 

A number of model systems have been proposed 
and they are in the process of being tested. The 
model systems have a tendency to become more and 
more complicated and it is not clear what cellular 
systems could correspond to the model. The answers 
to these fundamental questions may not be found 
soon because of the difficulty of the task, both phil¬ 
osophically and technically. As so little is known 
about the clock, it offers a great challenge and the 
clock is now being investigated by many biologists. A 
large part of the work is descriptive and concerns 
itself with phenomena, but some investigators look 
for answers to basic questions. These answers will 
help our understanding of life and in time we may 
be able to make practical use of this knowledge. 
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Large scale computers have become essential to modern science and technology. In Caltech’s Computing 
Center, this Burroughs 220 Digital Computer serves as the Institute’s computing facility for both general re¬ 
search and instruction in machine computing methods. 


ELECTRICAL ENGINEERING 


Electrical Engineering, both as a profession and as an educational discipline at 
the Institute, has changed considerably in the last 15 or 20 years. It used to be 
confined largely to the generation and distribution of electrical energy and to 
communications, through the application of the classical physics of elec¬ 
tricity and magnetism. Today electrical engineers are concerned with a number of 
different basic disciplines in the realms of physics and mathematics, 
and with many different applications. Some of the more important disciplines 
are plasma physics, solid state physics, stochastic processes, and Boolean 
algebra. They are being applied to such things as the development and application 
of new semiconducting devices, microwave tubes, new devices for 
energy conversion, and to new systems of automatic control, communications, 
and data processing. The pictures on these pages show some of 
the current and varied research in electrical engineering at Caltech. 


November, 1960 


17 






















MAKING THIN MAGNETIC FILMS 
In Caltech’s electrical engineering laboratories, new 
methods for the fabrication of very thin conducting, 
insulating, magnetic, or other materials, at controlled 
thicknesses as small as several hundred angstroms, 


makes possible new kinds of electronic devices and 
microcircuits. Here a nickel-iron film about 1,000 
angstroms thick is deposited by induction heating 
evaporation from a crucible. 
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MAGNETIC FILM RESEARCH 

Magnetic properties of thin nickel-iron films are investigated with a “B-H Looper.” These films 
can he used either as memory elements, or for switching logic circuits in a computer. They can 
be switched in only a few thousandths of a microsecond. 


LOW TEMPERATURE RESEARCH 
This apparatus is used to investigate the 
interaction of superconductors and electro¬ 
magnetic fields. Temperatures near abso¬ 
lute zero are necessary for superconductiv¬ 
ity, so . glass dewars hold liquid helium in 
which the superconductor is immersed. The 
equipment on the bench generates micro- 
wave fields and measures their interaction 
with the superconductor. The large electro¬ 
magnet in which the dewars stand is used 
to apply a fixed magnetic field in order to 
investigate its effect. 












SOLID STATE TECHNOLOGY 
“Zone refining” is a technique especially 
developed to provide the high-purity 
materials needed in making 
solid state devices. The material to 
he purified is placed, in an inert 
environment and repeatedly passed 
slowly through a f urnace. Impurities 
accumulate in the molten zone, thus 
gradually increasing the purity of the 
resolidifying region. Figures like 
one impurity in 10 10 are now commonplace. 


SOLID STATE DEVICES 

Tunnel emission triodes, which were invented at Cal¬ 
tech, are theoretically capable of very high frequency 
performance and they may soon be appearing with 
other thin film components in micro-circuitry. Here, in 


the Caltech electrical engineering laboratories, a tech¬ 
nician makes a connection to a tunnel emission diode 
with a micro-manipulator probe while the volt-ampere 
characteristic is displayed on an oscilloscope. 















MAGNETIC DOMAINS 

Examination of the magnetic structure of nickel-iron material is made pos¬ 
sible by using polarized light reflected from the metal surface. This is 
called the Kerr effect and utilizes differential rotation of the polarized light 
coming from regions of different magnetization — creating the dark and 
light portions shown in the film of the structure of nickel-iron at the left. 


PLASMA PHYSICS 
The interaction of hot 
plasma with electro¬ 
magnetic radiation 
provides an important 
phenomenon for 
investigations. Many 
experimental discharge 
tubes have been 
made in Caltech’s 
laboratories to study 
possible practical 
application of this 
interaction. 
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A Morphologist 

Ponders the Smog Problem 

by Fritz Zwicky 


Some problems are beyond the capability' of mere 
scientific or technical specialists — streamlining the 
relations between nations, for example, or relations 
between different races; developing a truly adequate 
system of education; or eliminating crime. 

And some problems that would appear to be solv¬ 
able by known scientific and technical methods alone 
still cannot be liquidated satisfactorily-'. Among these 
we count the task of eliminating the smog in and 
around Los Angeles County. 


Fritz Zwicky: Morphologist 

Professor of astro¬ 
physics at Caltech, and 
staff member of the 
Mount Wilson and 
Palomar Observatories, 
Dr. Fritz Zwicky has 
always been an inde¬ 
pendent thinker — as 
anyone can see by 
sampling the accom¬ 
panying article. Here, 
Dr. Zwicky applies the 
morphological method to the problem of smog — a 
method that is, basically, just an orderly way of 
looking at things. Dr. Zwicky has written exten¬ 
sively on applications of the morphological method 
to problems in jet propulsion and in astronomy — 
most recently in Morphological Astronomy (f957). 
In Morphologische Forschting (1959) he further 
discussed the applications of the method to socio¬ 
logical as well as scientific, technical, and military' 
problems. 


To solve this problem, much technical knowledge 
about the sources and the characteristics of air pollu¬ 
tants is of course necessary. But, beyond that, an 
integrated view which relates this knowledge to 
political, psychological, and ethical factors is likewise 
imperative. All of these factors add up to a complex 
task which is beyond the power of ordinary scien¬ 
tific, technical, or managerial experts. Specialists are 
at the added disadvantage that they are often too 
set in their ways, and too prejudiced, because of 
being unduly impressed by their accomplishments in 
relatively narrow fields. The problem of smog is thus 
a typical one which can be solved satisfactorily only 
through the so-called morphological approach. 

For our present purposes it suffices to state that 
the morphologist, before all, and without any pre¬ 
judice, attempts to visualize tire totality of all inter¬ 
relations which bear on the solution of a given prob¬ 
lem. The stress is first on a survey without prejudice, 
which is far more difficult to achieve than most will 
care to believe; and second on a survey which in¬ 
cludes all imaginable possibilities, before one attaches 
himself to any particular solution. 

For a number of years many specialists have been 
at work determining the sources and the daily input 
of various pollutants into the atmosphere. Also the 
most important reactions have been traced (especially 
and most successfully by A. J. Haagen-Smit, Caltech 
professor of bio-organie chemistry) which take place 
between the pollutants, the constituents of the atmos¬ 
phere, and sunlight as a photochemical agent. Some 
of the pertinent facts found are as follows. In orders 
of magnitude the daily input into the atmosphere of 
Los Angeles County includes: 
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Organic compounds — 1700 tons (1100 tons from 
automobiles, 450 tons from 
evaporating solvents, 150 tons 
from the petroleum industry 7 ). 

Carbon Monoxide — 10,000 tons (representing the 
totality of the products of in¬ 
complete combustion proc¬ 
esses). 

Nitrogen Oxides —700 tons (450 tons from auto¬ 
mobiles, 220 tons from the com¬ 
bustion of gas and oil in homes 
and industrial plants, etc.). 

Sulfur Dioxide — 550 tons in winter (400 tons 
from fuel oils, 50 tons from 
automobiles, 45 tons from sul¬ 
furic acid factories, etc.). 

Aerosols —100 tons. 


Because of the frequent persistence of a tempera¬ 
ture inversion layer over southern California, and tire 
absence of even moderately strong winds, these pollu¬ 
tants stagnate and may accumulate day after day. 

Although these primary pollutants are disagreeable 
enough in themselves, they become outright danger¬ 
ous as a result of subsequent reactions, many of which 
take place because of the photochemical action of sun¬ 
light on them. As Professor A. J. Haagen-Smit first 
showed through his singlehanded and profound re¬ 
search on this problem, a great number of the secon¬ 
dary reactions are triggered through the action of 
sunlight on nitrogen oxide. As a consequence, exceed¬ 
ingly active atomic oxygen is released from N0 2 . The 
atomic oxygen in turn reacts with the organic com¬ 
ponents of the pollutants in the atmosphere and leads 
to the formation of various intermediate oxidation and 
reaction products, as well as to the production of 
ozone. These poisonous compounds constitute severe 
eye and throat irritants, and worse, dangerous haz¬ 
ards to the health of man, beast, and plant. 

Although the nitrogen oxides, together with sun¬ 
light, produce the dangerous components of smog at 
a fast rate, even the complete elimination of nitrogen 
oxides would not eliminate the formation of the 
vicious compounds in smog, but would only change 
the size of the territory over which they are spread. 
Indeed, the oxygen of the atmosphere itself, with the 
aid of sunlight, would act on the organic pollutants 
much as the nitrogen oxides do. The rates of reaction, 
however, would be slower, and the vicious reaction 
products would have time to diffuse or to be spread 
over a large area. 

A cooperative effort 

The few basic facts, as we have stated them, suffice 
to make it clear that the problem of smog is a most 
complex one and that, for its solution, cooperation 
from many quarters will be necessary. Therefore the 
morphologist must first list the character of these 


various quarters and the contribution they might 
make toward the elimination of smog. The follow¬ 
ing sources of cooperation and support immediately 
come to mind: 

1. The general public. 

2. The various official agencies, including the police 
departments. 

3. The universities, and the scientists individually. 

4. Various industrial enterprises, as well as engi¬ 
neers individually 7 . 

5. The medical profession and public health serv¬ 
ices. 

6. Certain commercial establishments. 

7. The politicians. 

8. The press. 

These possible agencies of aid and cooperation must 
be appraised with a view to the following three goals: 

a. The achievement of immediate results. 

b. Results in the near future. 

c. Results of a permanent nature in a more dis¬ 
tant future. 

Measures for achieving immediate results 

Immediate” implies that, in principle, the means 
in question could be effectively applied tomorrow. 
Again, in principle, these means can either be actual 
devices or they might be certain measures which will 
in one way or another regulate and streamline the 
activities of the public in southern California with a 
view towards the elimination of the smog. 

I do not know of any devices which are immedi¬ 
ately available and which guarantee the elimination 
of a substantial fraction of smog. On the other hand, 
many means already exist for influencing the daily 
activities of the public in such a way as to bring a 
marked decrease in the degree of air pollution. Among 
these measures the most effective would be the com¬ 
plete prohibition of driving any automobile with 
noxious exhausts, though this is hardly practicable. 
On the other hand, both the problem of smog and the 
streamlining of traffic as a whole could be substanti¬ 
ally furthered by another plan. 

With the view in mind of introducing immediately 
applicable measures we must try to influence the daily 
activities of the public as a whole — and, in particular, 
of the automobilists. One such measure, already 
passed by law, is the prohibition of burning trash in 
backyard incinerators. There are additional and even 
more effective means available. Among these, the most 
important and effective will be to make it quite clear 
to the public that each and every one among us must 
make his proper sacrifices and his contributions to¬ 
wards the elimination of the smog. For this reason, 
I advocate most strongly measures which will materi¬ 
ally reduce the traffic through Los Angeles and, in 
particular, the traffic on all of the freeways. 
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“Each and every one among us must make his 
proper sacrifices — and his 

contributions — toward the elimination of smog.” 


Even casual observation during our daily driving 
shows that the majority of cars on the road carry only 
a single occupant. Now it is obviously preposterous 
to allow a single individual to pollute the atmosphere 
at his pleasure with dangerous nitrogen oxides, with 
carbon monoxide, and with the uncombusted or 
partly combusted organic compounds from the ex¬ 
haust, the fuel feed lines, and the carburetor of his 
automobile. This promiscuity in polluting the air is 
actually far worse than allowing litterbugs to throw 
their cigarette butts, matches, papers, cans and other 
trash on the streets and highways. Since the litter- 
bug has already been censored, and since he can be 
prosecuted by law, we are obviously far more justi¬ 
fied in stopping individual drivers from polluting the 
air we breathe. 

As a workable and effective measure of control, 
which can be put into action immediately, I propose 
that any driver who insists on driving on a freeway 
without carrying any additional passengers in his car 
must pay a certain toll, say one dollar a day, for his 
extravagance. In order to collect these dollars smooth¬ 
ly and without the mobilization of much personnel, 
stickers could be issued, with the dates printed on 
them and with different colors and shapes distin¬ 
guishing the various days. These stickers would be 
purchased one or two days ahead of the day m ques¬ 
tion, at stations located at strategic points. Any driver 
who has no passengers must display the proper sticker 
on the proper day on his windshield. Police officers 
could then easily spot those drivers who are violating 
the regulation. For every such violation a fine of fifty 
or one hundred dollars could be levied. All trucks 
should be charged one dollar per day for driving on 
the freeways, regardless of the number of passengers 
they carry. 

For driving on the city streets without any passen¬ 
gers, three stickers per month might be issued, valid 
for ten days each, and at a cost of perhaps a dollar 
each. The period for the levy might be restricted to 
from 9 a.m. to 3 p.m. This would allow everybody to 
get to and from work without any penalty. Physicians, 


of course, would be exempt at all times. 

The following results would be achieved from the 
collection of these various levies: 

(i) An estimated 20 percent of the smog would be 
immediately eliminated because of the reduc¬ 
tion of traffic. 

(ii) A sizable amount of money would become avail¬ 
able each year for research on all aspects of the 
smog problem. 

(iff) The public would be dramatically impressed 
with the fact that each and every one of us is 
responsible for the problem of air pollution and 
that all of us can and must help in eliminating it. 

(iv) The reduction in the number of automobiles on 
the road would reduce the accident rate, elim¬ 
inate many traffic jams, speed up circulation 
and deliveries, allow more people to meet their 
appointments on time, alleviate many psycho¬ 
logical anxieties, and thus benefit the overall 
activities of the community. 

(v) Finally, and probably most important, the health 
hazard inherent in smog would be reduced, and 
valuable manpower and working hours would 
be saved. 

There are also other measures which can be intro¬ 
duced with relative ease. For instance, it will even¬ 
tually become necessary to get tough with all drivers 
of mechanically defective cars which at the present 
time still merrily belch clouds of noxious fumes along 
the streets. There is obviously little hope that any 
smog reduction devices, such as afterburners, will 
help much unless we see to it that they are all really 
working properly. This means control of mainte¬ 
nance of these devices. Today such control is not 
even adequately exercised with regard to the smoky 
exhausts. 

As a further immediate measure I propose that 
research institutions, such as the California Insti¬ 
tute of Technology, the University of California at 
Los Angeles, the Stanford Research Institute, and 
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others, which have for some time been given sizable 
grants for research on the smog problem, should be 
requested to produce, for each $100,000 of grant, a 
usable plan for getting rid of, say, one percent of the 
smog at the least. If these institutions cannot come 
forth with such results, the grants should be diverted 
to other more effective people. Also, the presidents of 
these institutions might be expected, as a contribution 
to the better life of the community, to exert them¬ 
selves somewhat more ardently than hitherto in ani¬ 
mating their faculties (and their chemists, physicists, 
and engineers in particular ) in a cooperative en¬ 
deavor toward the elimination of smog. 

It should also be impressed on those of our scien¬ 
tific colleagues who have been shouting so much about 
the dangers of radioactive fallout that first things 
should come first and that their suddenly avowed 
love for humanity would be more convincing if they 
spent some of their time and effort on solving the 
problems at hand — the problem of smog being a 
most appropriate one to tackle. 

Finally, in view of the tremendous quantities of 
carelessly evaporated solvents (450 tons a day, or 
almost half as much as come from automobiles) 
both the housewives and the professionals (painters, 
cleaning establishments, highway construction crews) 
who use them should be instructed how to handle 
solvents with greater care. 

Measures for the near future 

Among the intermediate measures which will re¬ 
quire some time for their effective development are 
the devices which would improve combustion in auto¬ 
mobile engines and cut down the excessive discharge 
into the atmosphere of uncombusted or partly com¬ 
busted hydrocarbons, nitrogen oxides, and carbon 
monoxide. Many of the devices in this category, such 
as afterburners, catalytic devices, recireulators of the 
exhaust gases, and extra oxygen feeders, are now 
being worked upon by many agencies. Depending on 
exhaustive tests to be made by official and critical 
examiners, some of these devices might soon become 
applicable. Also, it should not be too difficult for the 
automobile manufacturers to build engines and feed 
systems which will not leak gasoline at the atrocious 
rate of most of the present machines. 

Further relief might be derived from an application 
of the principle that whatever cars put into the 
atmosphere cars can also extract or neutralize. Indeed, 
in the course of their travel cars sweep through and 
stir up immense quantities of air. Thus one million 
cars traveling as little as one kilometer a day will 
sweep through a volume of air in excess of four 
cubic kilometers — a very respectable volume. Possi¬ 
bilities for cleansing this huge amount of air are 
easily suggested. One of these means consists in 
either adsorbing or absorbing the pollutants from this 
volume of air and decomposing chemically or cat- 
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alytically the noxious nitrogen oxides on specially 
treated external or internal surfaces in special ducts 
of the cars. 

The second means is to let the cars, aided by differ¬ 
ential heating through absorption of sunlight, create 
circulation through culverts and tunnels which al¬ 
ready exist or which might be specifically constructed 
for the purpose. Also catalytic and chemical surfac¬ 
ing, followed by subsequent large-scale washing for 
removal of the smog products from the street sur¬ 
faces themselves as well as from the surfaces of 
buildings, should be investigated in research projects. 
These could be amply financed by the funds col¬ 
lected from motorists. 

Long-range measures 

Two outstanding possibilities suggest themselves 
here: 

1. Without concerning ourselves at all with the 
sources of smog we may decide to work on large- 
scale means to eliminate the pollutants from 
the atmosphere or to neutralize them and turn 
them into harmless products. 

2. As the second alternative we may carry out a 
complete survey of the sources of smog and 
then set out to eliminate or neutralize them 
one by one. 

Working on large-scale means, we may either 
bring about reaction of the pollutants (that is, oxidize 
them or dissociate them) and end up with innocuous 
reaction products such as oxygen, nitrogen and carbon 
dioxide; or we may attempt to drive the pollutants 
out to sea, precipitate them to the ground, or drive 
them high enough into the atmosphere into strata 
where winds always blow vigorously enough to spread 
the pollutants over sufficiently large areas to render 
them harmless. Considerable research of course must 
be done, financed by the levies raised from the public, 
to develop methods which will enable us to achieve 
any one or all of our goals. 

Actually, in working towards these goals, the smog 
itself should be of considerable assistance since, speak¬ 
ing energy-wise, it is potentially quite capable of ex¬ 
ploding and thus destroying itself! Indeed, smog 
represents a chemically endothermic state and thus 
is literally an explosive. Actually, the oxidation of the 
1700 tons of organics and the 10,000 tons of carbon 
monoxide into water and carbon dioxide would re¬ 
lease daily 22 million and 29 million kilowatt hours of 
heat respectively. From the dissociation of the 700 
tons of nitrogen oxides into nitrogen and oxygen 
an additional 650,000 kilowatt hours could be ob¬ 
tained daily. Figuring a thermodynamic efficiency of 
25 percent for the conversion into mechanical or 
electrical power, about thirteen million kilowatt hours 
are therefore wasted daily through the discharge of 
unreacted fuels and of endothermic compounds into 
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the atmosphere in and around Los Angeles. It is 
clear that it would be best to save this energy by not 
discharging it into the air at all. As a second best 
solution we might use it with a sufficiently cleverly 
conducted series of operations to extract the smog 
from the atmosphere. 

Tracking down the sources 

Our second alternative must be to track down the 
sources of smog and to eliminate them one by one. 
Automobile exhausts being by far the worst and most- 
persistent offenders, let us survey what might be 
done about them. 

The most radical solution would be to outlaw 
automobiles altogether and to construct a genera]! 
transportation system, such as underground electric 
subways. With a view to survival in a possible nuclear 
war, a solution of this character has much to recom¬ 
mend. it and should therefore be analyzed in detail. 

Working on the automobile engines themselves, 
the exhausting of dangerous pollutants could either 
be eliminated completely, or greatly diminished by 
one of the following developments, which are of im¬ 
mense interest for the generation of power from 
carbon or hydrocarbons in general. The first possi¬ 
bility refers to the use of fuel cells which generate 
electricity directly from the oxidation of the fuels 
in electrolytic reactors. How to accomplish such 
reactions with high efficiency has been attempted for 
over a hundred years, but only recently have success¬ 
ful inroads been made. Replacement of the internal 
combustion engine by fuel cell electric generators 
would eliminate all vicious gaseous exhaust products 
altogether. 

Much cleaner exhaust products could also be 
achieved through a combustion which approximates 
a more isothermic character, in contradistinction to 
the conversion of heat into mechanical power by 
adiabatic expansion of the combustion gases, which 
necessitates high combustion pressures and tempera¬ 
tures, and which, because of the rapidity of the proc¬ 
esses involved, always leaves unreacted products. In 
this connection it may be pointed out that the oxida¬ 
tion of food in living bodies takes place isothermally. 
One way to approximate isothermal combustion was 
pointed out many years ago as a consequence of my 
work on power conversion in jet engines. The proc¬ 
esses to be used are a succession of combustions and 
expansions or, in other words, so-called reactions on 
the flow. In fact we successfully operated such jet 
engines with hydrogen and oxygen as the propellants. 
Our attempts to interest the builders of combustion 
engines in the principles of reactions on the flow, 
however, have mostly fallen on deaf ears. 

Our experiences in this respect call for a few 
comments on some aberrations of the human mind 
which have been greatly responsible for our failure 
to deal effectively with the problem of smog, or, for 


that matter, with such problems as an adequate 
civilian defense and the issues involved in our com¬ 
petition with the communists. Indeed, in the present 
case, the automobile industry, instead of developing 
better engines and smog suppressors, concerned itself 
largely with the styling of mammoth cars, which are 
about as useful as the towering and elaborate hairdos 
preceding the French Revolution, but which are much 
more wasteful and dangerous. 

As director of research of the Aerojet Engineering 
Corporation in 1943 I attempted to obtain from the 
automobile industry information about the topological 
performance characteristics of automobiles. No perti¬ 
nent information could be obtained about how far 
a car of given weight could be driven with one liter 
of gasoline on a road of given characteristics. That is, 
the industry had never concerned itself with the exact 
evaluation of the maximum thermodynamic efficien¬ 
cies possible; with the minimum heat and fuel losses; 
with the minimum possible transmission losses from 
the engine to the wheels; with the rolling friction 
losses of various types of tires; with the aerodynamic 
drag; or with the characters of the various parasite 
losses. In fact, I wonder if such an overall evaluation 
of the automobile as a complete propulsive power 
plant is even available today. 

Who’s to blame 

It is, however, not only the moguls of industry 
which are to be blamed. The scientists themselves 
and, in particular, the administrators of scientific insti¬ 
tutions, both governmental and private, have dismally 
failed in their responsibility to organize their man¬ 
power and technical resources toward making a con¬ 
certed attack on such problems as the elimination of 
smog. Individuals like Professor A. J. Haagen-Smit 
are therefore highly to be commended. Individual 
efforts alone will, however, not be sufficient for suc¬ 
cess, although they must act as the indispensable 
spearheads. What is needed is the cooperation of 
scientists, engineers, the public, the press, and the 
various agencies of the local, state and federal gov¬ 
ernments. 

In conclusion I therefore suggest that, as a first 
step, the presidents of the local universities call some 
of their men together to work out an overall mor¬ 
phological attack on the problem of smog. I have 
attempted to point out a few promising avenues, but 
far more can and will be done if a group of men of 
good will and of technical knowledge can be called 
together to make an uncompromising attack on the 
problem of smog. The success of such an attack will 
in my mind not only be of immense economic value; 
it will also eliminate a tremendously growing health 
hazard; and it will, directly and indirectly, aid our 
efforts in stemming the tide of communism through 
the proof that ours is an immensely sounder world 
than theirs. 


26 


Engineering and Science 




Solid opportunities with solid state devices 

A big part of Western Electric’s job is to manufacture the 
miniature “new arts” products that are changing the science 
of communications. It’s a job which offers you a challeng¬ 
ing career—a chance to plan new methods of mass produc¬ 
ing ever-improving hinds of transistors, ferrite devices, 
diodes, special purpose electron tubes, etc. 

You’ll be with a company that is expanding rapidly in 
this field. At present our Allentown and Laureldale, Pa., 
plants are devoted exclusively to making electron devices, 
and a big new plant is under construction in Kansas City. 

The needs of the Bell Telephone System for these products 
are increasing daily and will multiply enormously with the 
introduction of Electronic Central Office switching now 
nearing trial operation. 

These devices are changing the scene at all our manu¬ 
facturing plants as they go into the startling new com¬ 
munications products developed by our associates at Bell 
Telephone Laboratories. From microwave transmission 
equipment to submarine cable amplifiers, our products call 

Principal manufacturing locations at Chicago, III.; Kearny, N. J.; Baltimore, Md.; Indianapolis, In d., Allentown and Laureldale, Pa.; Winston-Salem, N. C.; Buffalo, N. Y.; North And over, 
Mass.; Omaha,- Neb,; Kansas City, Mo.; Columbus, Ohio; Oklahoma City, Okla. Engineering Research Center, Princeton, N. J. Teletype. Corporation, Skokie, III., and 
I ittle Rock, Ark. Also Western Electric distribution centers in 32 cities and installation headquarters in 16 cities. General headquarters; 195 Broadway, New York 7. N. v 
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for creative production engineering, installation planning, 
and merchandising methods. Our job for the Bell System 
and the U.S. government has grown to the point where we 
are now one of the nation’s “Top 11” in industrial sales. 
And your chance to play an important part in our future 
growth is solid! 

Opportunities exist for electrical, mechanical, industrial, civil and 
chemical engineers, as well as physical science, liberal arts, and busi¬ 
ness majors. For more information, get your copy of Consider a Career 
at Western Electric from your Placement Officer. Or write College 
Relations, Room 6105, Western Electric Company, 195 Broadway, New 
York 7, N. Y. Be sure to arrange for a Western Electric interview when 
the Bell System recruiting team visits your campus. 


Western Electric 


MANUFACTURING AND SUPPLY Xj-/ UNIT OF THE BELL SYSTEM 
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Development testing of liquid hydrogen-fueled rockets is car¬ 
ried out in specially built test stands like this at Pratt & 
Whitney Aircraft’s Florida Research and Development Center. 
Every phase of an experimental engine test may be controlled 
by engineers from a remote blockhouse (inset), with closed- 
circuit television providing a means for visual observation. 
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Pratt & Whitney 


Aircraft? 


Regardless of your specialty, you would work in a 
favorable engineering atmosphere. 

Back in 1925, when Pratt & Whitney Aircraft was 
designing and developing the first of its family of 
history-making powerplants, an attitude was born—a 
recognition that engineering excellence was the key 
to success. 

That attitude, that recognition of the prime impor¬ 
tance of technical superiority is still predominant at 
P&WA today. 

The field, of course, is broader now, the challenge 
greater. No longer are the company’s requirements 
confined to graduates with degrees in mechanical 
and aeronautical engineering. Pratt & Whitney Air¬ 
craft today is concerned with the development of 
all forms of flight propulsion systems for the aero¬ 
space medium—air breathing, rocket, nuclear and 
other advanced types. Some are entirely new in 
concept. To carry out analytical, design, experimental 
or materials engineering assignments, men with 
degrees in mechanical, aeronautical, electrical, chem¬ 
ical and nuclear engineering are needed, along 
with those holding degrees in physics, chemistry 
and metallurgy. 

Specifically, what would you do ?—your own engi¬ 
neering talent provides the best answer. And Pratt 
& Whitney Aircraft provides the atmosphere in which 
that talent can flourish. 


For further information regarding an engineering 
career at Pratt & Whitney Aircraft, consult your col¬ 
lege placement officer or write to Mr. R. P. Azinger, 
Engineering Department, Pratt & Whitney Aircraft, 
East Hartford 8, Con n ecticut. 



At P&WA’s Connecticut Aircraft Nuclear Engine Lab¬ 
oratory (CANEL) many technical talents are focused 
on the development of nuclear propulsion systems for 
future air and space vehicles. With this live mock-up 
of a reactor, nuclear scientists and engineers can 
determine critical mass, material reactivity coefficients, 
control effectiveness and other reactor parameters. 



Representative of electronic aids functioning for P&WA 
engineers is this on-site data recording center which 
can provide automatically recorded and computed 
data simultaneously with the testing of an engine. This 
equipment is capable of recording 1,200 different 
values per second. 



Studies of solar energy collection and liquid and vapor 
power cycles typify P&WA’s research in advanced 
space auxiliary power systems. Analytical and Experi¬ 
mental Engineers work together in such programs to 
establish and test basic concepts. 



PRATT & WHITNEY AIRCRAFT 

Division of United Aircraft Corporation 

CONNECTICUT OPERATIONS - East Hartford 
FLORIDA RESEARCH AND DEVELOPMENT CENTER - Palm Beach County, Florida 
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The Month at Caltech 


Franklin Thomas Engineering Laboratory 

Caltech’s five-story engineering building has simply 
been known as “Engineering” ever since it was built. 
This month it got a name — the Franklin Thomas 
Engineering Laboratory, in memory of the Caltech 
civil engineer and dean of students who helped solve 
some of southern California’s major water problems 
and who was a leader in Pasadena’s city government 
and cultural affairs. 

Dean Thomas came to Caltech in 1913 and started 
a department of civil engineering. In 1924 he was 
appointed chairman of Caltech’s division of civil and 



mechanical engineering, and he became dean of stud¬ 
ents in 1944. He died in 1952 at the age of 67. 

The building named for Dean Thomas was built in 
three sections — the eastern third during World War 
II, the western two-thirds after the war. Its labora¬ 
tories house research in civil engineering, applied 
mechanics, jet propulsion, and some mechanical and 
nuclear engineering. 

Three New Trustees 

Three new members have been elected to the Cal¬ 
tech Board of Trustees — Thomas V. Jones, president 

DOWN ON THE FARM 
Caltech’s development program has 
even been extended to the planting 
of the central campus , where the 
ancient iceplant has now finally given 
way to sweeping green lawns. This 
happy transition was accomplished 
with a good deal of agricultural 
horseplay on the campus, including 
an overpowering amount of fertilizer 
and the constant attention of an over¬ 
dressed scarecrow. 
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DEDICATION 
Caltech’s new Gordon 
A. Alles Laboratory, 
dedicated formally on 
November 3, is one of 
18 new buildings ris¬ 
ing on the campus as 
part of the Institute’s 
development program. 



of the Northrop Corporation; Howard B. Keck, presi¬ 
dent of the Superior Oil Company; and Dr. Seeley G. 
Mudd of Pasadena. 

Mr. Jones has been with Northrop since 1953, when 
he joined the company as assistant to the chief engi¬ 
neer. In April 1960 he became chief executive officer. 
He is a consultant to the Scientific Advisory Board 
of the U.S. Air Force, and is a member of the Board 
of Directors of the Los Angeles World Affairs Coun¬ 
cil, the Southern California Symphony Association, 
and the Welfare Federation of Los Angeles. 

Mr. Keck has been in the oil business since 1932. 
He became president of The Superior Oil Company 
in 1953. He is a director of the City National Bank 
and the Gulf Interstate Gas Company, both in Hous¬ 
ton, Texas; of the Canadian Superior Oil Company 
and the Canberra Oil Company in Canada; and of the 
European Oil Marketing Corporation in Switzerland. 

Dr. Mudd, a physician and medical educator, re¬ 
ceived his MD from the Harvard Medical School. He 
was a research associate at Caltech from 1931 to 1935 
and from 1935 to 1945 he was professor of radiation 
therapy at the Institute. He is now research associate 
in medical chemistry. From 1941 to 1943 he was dean 
of the Southern California Medical School. 

Dr. Mudd’s father, the late Seeley W. Mudd, and 
his brother, the late Harvey S. Mudd, both served 
as Caltech trustees. Dr. Mudd has been a member of 
the Caltech Associates since 1928. He has been a 
trustee of the Carnegie Institution of Washington 
since 1940. 

John G. Bolton 

John G. Bolton, professor of radio astronomy, 
leaves Caltech next month to return to Sydney, Aus¬ 


tralia, as research officer in the division of radio¬ 
physics of the Commonwealth Scientific and Indus¬ 
trial Research Organization. He served as research 
officer at the CSIRO for ten years before coming to 
Caltech in 1955. 

Dr. Bolton has been scientific director of Caltech’s 
new Radio Observatory in Owens Valley since its 
inception. Operated by Caltech and financed by the 
Office of Naval Research, the observatory has the 
world’s most versatile telescope — twin 90-foot re¬ 
flectors which pinpoint radio signal sources millions 
of light years away. More than 50 distant radio stars 
have been located since the Observatory was built. 

Nobel Prize Winner 

Donald A. Glaser, who got his PhD from Caltech 
in 1950, has received the 1960 Nobel Prize in physics 
for his invention of the bubble bath chamber, which 
is used to photograph atomic particles. Superheated 
liquid in the chamber slows down the high-speed 
particles until they appear in photographs as a string 
of bubbles. Dr. Glaser will receive a check for $43,627 
from the trust fund left by Alfred Nobel, the inventor 
of dynamite. 

Dr. Glaser was born in Cleveland in 1926, and was 
graduated from the Case Institute of Technology in 
1946. He went to the University of Michigan in 1949 
as an instructor, later becoming a professor. Last year 
he joined the physics department at the University 
of California in Berkeley. 

In 1958 the U.S. Chamber of Commerce named Dr. 
Glaser as one of the 10 outstanding young men of 
the year. In 1959 he was awarded the first $2,500 
prize of the American Physical Society for his bubble 
chamber. 
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Thomas O’Connell (B.S. in M.E., Notre Dame, ’54; M.B.A., New 
York University, ’60). Recently, as part of his job in marketing 
at IBM, he found himself assisting the customer technicians 
with the design problems of one of the world’s busiest bridges. 


WHAT’S AN IBM MAN GOT TO DO 
WITH REDESIGNING A BRIDGE? 

Tom O’Connell is an engineer working in marketing areas as an 
IBM Data Processing Representative. His job is to introduce 
management to the advantages of electronic data processing. 
Once they have acquired an IBM system, he acts as a con¬ 
sultant on new uses for the system. 

A Spectacular Engineering Achievement. How is he helping to 
redesign a bridge? One of his clients is the agency which con¬ 
structs and operates transportation facilities in the New York- 
New Jersey area. Recently, they began to add a lower deck to 
the George Washington Bridge. It has been a spectacular engi¬ 
neering achievement. Sections were brought up the Hudson 
River on barges and hoisted hundreds of feet into position. All 
this while heavy traffic continued in both directions. 

This double-decking of one of the world’s busiest bridges took 
complex planning. An IBM system materially aided in the veri¬ 
fication of bridge design calculations and in suspension bridge 
truss analysis under various loading conditions. Tom O'Connell 
supplied many of the computer programs that were used in 
conjunction with other programs developed by the customer. 
Tom now knows a lot more about the problems of bridge design. 

A Job That Makes News. One of the exciting aspects of Data 
Processing Marketing at IBM is this wide diversity of systems 
application. Using the knowledge a man has gained in college, 
and backed by the comprehensive training he receives at IBM, 
he moves into many kinds of application areas. The areas are 
always interesting, sometimes newsworthy. In fact, almost 
every day newspapers carry stories about new applications of 
computer systems in important areas of business, industry, 
science and government. 

If you would like to find out in more detail about the many kinds 
of marketing opportunities at IBM, our representative will be 
visiting your campus soon. He’ll be glad to sit down with you 
and discuss the reasons why marketing is a career with a 
virtually unlimited future. Your placement office can make an 
appointment. Or you may write, outlining briefly your back¬ 
ground, to: 

Charles A. O’Malley 
IBM Corporation 
3424 Wilshire Blvd. 

Los Angeles 5, Calif. 

You naturally have a better chance to grow with a growth company. 











Alumni News 


Alumni Development Program 

The alumni phase of Caltech’s Development Pro¬ 
gram is now completed. With the receipt of $1,008,994 
in pledges, one of the most interesting and certainly 
tire most effective of alumni crusades comes to an 
end. Since active solicitation began in April 1958 it 
is estimated that some 700 alumni worked on the 
program in one capacity or another; nearly 1800 at¬ 
tended at least one of the several dinner meetings and 
more than 3600 participated in pledging the $1,008,- 
994. A complete and final roster of all donors to the 
Development Program will be published shortly. 

Even though the alumni goal has been exceeded, 
contributions are still being received for the program. 
Gifts from new donors are welcome, of course, and 
will be gratefully acknowledged. Such gifts, however, 
will be credited to the Alumni Fund rather than to 
Development, to be held by the Institute. The prin¬ 
cipal amount of these gifts, and any interest derived 
therefrom will not be expended until such time as the 
Board of Directors of your Alumni Association and 
the Trustees of the Institute shall agree on a suitable 
purpose for these funds. 

Those who plan to make payments against out¬ 


standing Development Program pledges this year 
should do so soon. With the rush of tire holidays al¬ 
most upon us, this reminder that the tax year ends at 
midnight, Saturday, December 31, seems to be in 
order. Payments received on or before this date will 
be receipted to reflect a tax-deductible 1960 gift. 

During the past 32 months thousands of words have 
been written about the progress of the alumni toward 
their $1,000,000 goal. Whenever periodic alumni 
totals were published they reflected the total sum of 
pledges only, paid or unpaid. Now that the Institute 
has reached the halfway point in their building pro¬ 
gram, having actually erected nine new structures, 
the amount paid toward the 1.009 million dollars 
pledged is of considerable interest. The aura of suc¬ 
cess which has accompanied the program thus far 
still remains, for cash and securities received during 
the past 32 months total $800,000. This figure takes 
on added significance when converted to an annual 
basis. Alumni have given at the rate of $300,000 yearly 
since the first Development Program gift was re¬ 
corded in March of 1958. And “they said it couldn’t 
be done . . .” 

— Donald S. Clark, Secretary, Alumni Association 


Design for your future! 

Learn how to build the new 
DEEP STRENGTH 
Asphalt pavements 

If you’re going into Civil Engineering, it will pay 
you to keep a close eye on Asphalt design devel¬ 
opments. 

Here, for example, is the latest from Oklahoma 
. . . one of the new, DEEP-STRENGTH Asphalt 
pavements the state is using on Interstate 40. 
This one is outstanding because its base is 8 inches 
of hot-mixed—hot-laid sand-Asphalt ... no coarse 
aggregate. 

Why 8 inches? Why not 6 or 10? What did engi¬ 
neers do to insure good drainage? What factors 
set the design? 

The Asphalt Institute answers questions like 
these . . . keeps you abreast of all the latest in the 
design of Asphalt Highways, the most durable 
and economical pavements known. Would you 
like our new booklet, “Advanced Design Criteria 
for Asphalt Pavements”, or our “Thickness De¬ 
sign Manual”? Write us. 



THE ASPHALT INSTITUTE 

Asphalt Institute Building, College Park, Maryland 
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... a hand in things to come 


Taking tlie pulse of a petrified river 


From the Colorado plateau—once the floor of a vast inland sea— 
comes the wonder metal uranium. Using sensitive instruments, Union Carbide 
geologists find its faint gamma rays along the beds of ancient petrified rivers; 

Every ton that is mined ultimately yields just about half an ounce 
of uranium 235 ... precious food for atomic reactors. At Oak Ridge, Tennessee 
—the great atomic energy center operated by Union Carbide for the U. S. 
Atomic Energy Commission—the fuel becomes the kind of energy that will 
drive a submarine . . . light a city ... or help doctors pinpoint the location 
of diseased tissue. 

Finding, refining, and researching the materials used in atomic 
energy are all part of the work done by the people of Union Carbide to enrich 
your daily life. With pioneering curiosity, they are seeking new things not 
only in atomic energy, but also in the fields of carbons, chemicals, gases, 
metals, and plastics. 


Learn about the exciting work 
now going on in atomic energy. 
Send for the illustrated booklet, 
“The Atom in Our Hands” 
Union Carbide Corporation, 
270 Park Avenue, New York 17, 
N.Y.In Canada, Union Carbide 
Canada Limited, Toronto. 



...a hand 
in things to come 
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2 minutes after start of system under test. Note how fire-extinguishing foam blankets potential fire area. 


This test shows how GrmneU's Spray-Foam System 
protects hazardous IFire areas 


In the dramatic illustration shown 
above, you see a Grinnell Spray-Foam 
System under test at a truck loading 
terminal in Detroit, Michigan. This 
fire-quenching foam system, designed 
for hazardous areas, is especially 
recommended for quelling blazes in 
petroleum base products, such as in 
gasoline, kerosene and fuel oil. Grin¬ 
nell Systems are effective in controlling 

GRINNELL 


fires in chemicals, alcohols, benzol, 
solvents, paints and liquid gas. 

Grinnell has had 89 years of expe¬ 
rience in fire protection work. You 
benefit from this vast amount of spe¬ 
cialized fire knowledge whenever you 
call on Grinnell. For information, 
write or phone Grinnell Company, 
277 West Exchange Street, Providence 
1, Rhode Island. 


FIRE PROTECTION SYSTEMS SINCE 1870 



Grinnell Fire Protection Systems 
include: 

• Automatic Spray Sprinkler Systems: 
wet pipe, dry pipe, deluge and Simplex* 

• Water Spray Systems with regular 
or Selfcon* (self-contained) water sup¬ 
plies; Multitrol* or Multimatlc* valve; 
ProtectoSpray* nozzles or Mulsifyre* 
projectors 

• ProtectoFoam® systems, producing 
mechanical foam 

• Carbon dioxide systems 

• Dry chemical systems 

•Reg. U. S. Pat Off. 


ENGINEERING GRADUATES HAVE FOUND ATTRACTIVE OPPORTUNITIES WITH GRINNELL 
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YOU CAN AIM YOUR CAREER IN EITHER DIRECTION 

AT STROMBiRB-CHRLSOH 

Division of General Dynamics 


.. .where a group of outstanding scientists 
and engineers are conducting both theoretical 
and applied studies in many aspects of the 
science of communications 

While our broad concern at Stromberg-Carlson is in the acqui¬ 
sition, transmission, processing, storage and display of com¬ 
munications data, ancilliary investigations - often seemingly 
remote — are carried on to enhance our basic understanding 
of the communications field. 

TO THE ADVANCED DEGREE CANDIDATE this fre¬ 
quently offers the opportunity, upon completion of his studies, 
to continue theoretical investigations initiated in thesis 
preparation. 

TO THE MAN WHO HAS RECENTLY RECEIVED HIS 
BS, it provides varied career choices: to work directly with 
experts on research projects; to participate in advanced devel¬ 
opment engineering concerned with the solution of complex 
systems engineering and equipment problems; to undertake 
the design of specific hardware which may involve the first 
practical utilization of new knowledge. 

AT ALL LEVELS, the opportunities for professional growth 
are exceptional, not only through concentration on work in 
advanced areas but through continual contact with able men 
trained in other disciplines. Informal consultation between 
engineers, physicists, mathematicians, psychologists and lin¬ 
guists is available on a day to day basis. Further, with scien¬ 
tists it is the aim of Stromberg-Carlson’s technically-trained 
management to maintain the atmosphere of the academic 
world, encouraging discussion, publication of papers and par¬ 
ticipation in technical symposia. 


The list below indicates 
the range of work currently 
in progress. 

FIELDS OF RESEARCH ENDEAVOR 

Paramagnetic Resonance 
Thin Photoconductor Films 
Ferroelectricity 
Propagation and Coding 
Speech Analysis 
Bandwidth Compression 
Hydro-Acoustic Transducers 
Molecular Electronics 
Defect Solid State Physics 
Parametrio Devices 
Tunnel Diode Logic 
Scatter Propagation Analysis 
Plasma Physics 

ADVANCED DEVELOPMENT & ENGINEERING 

ICBM Communications 

Electronic Switching 

Nuclear Instrumentation 

High-Speed Digital Data Communications 

Electronics Reconnaissance Systems 

Single Sideband Communications 

Synchronous Data Transmission 

ASW Techniques 

Machine Tool Automation 

Radio Data Links 

High Intensity Sound Generators 

Air Acoustics 

Shaped Beam Display Systems 

High-Speed Automatic Missile Cheek-Out Equipment 

Super-Speed Read-Out and Printing Equipment 

Electro Acoustics & Transducers 

Logic Systems 

Sound Systems 

RF Equipment 

Precision Hi-Fi Components 


For further information write to the College Relations Section, 
Engineering Personnel Department. 

STROMBERG-CARLSON 
a division op GENERAL DYNAMICS 

1450 North Goodman St„ Rochester 3, New York 
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Personals 


1928 

Francis Noel retired last July as dis¬ 
trict right of way engineer for the De¬ 
partment of Highways of the State of 
California, and is now living in Santa 
Barbara. He and his wife recently com¬ 
pleted an 11,000-mile camping tour of 
Alaska. 

Richard G. Folsom, MS ’29, PhD ’32, 
president of Rensselaer Polytechnic In¬ 
stitute, has been elected to the board of 
directors of the Air Reduction Company, 
Inc., in New York. 

1929 

Emerson M. Pugh, PhD, professor of 
physics at the Carnegie Institute of 
Technology in Pittsburgh, Pa., is the 
author of a textbook, Principles of Elec¬ 
tricity and Magnetism, published in April 
by Addison-Wesley. 

1931 

George Langsner has been promoted 
from engineer of design to assistant state 
highway engineer in the administration 
department of the California Division of 
Highways. 

1933 

John C. Monning is now general man¬ 


ager and superintendent of building for 
the Department of Building and Safety 
of the City of Los Angeles. He has been 
with the Department since 1936. The 
Monnings have two children — Barbara 
and Bill. 

Robert C. Kendall, MS, area geophys¬ 
icist at the Shell Oil Company in Den¬ 
ver, has been elected vice president of 
the Society of Exploration Geophysicists. 
He has been with Shell since 1936. 

John R. Pierce, MS ’34, PhD ’36, di¬ 
rector of research in communications 
principles at the Bell Telephone Labora¬ 
tories, received a Stuart Ballantine Medal 
from The Franklin Institute in Philadel¬ 
phia last month. He and Rudolf Kompf- 
ner, also of Bell, each received medals 
for their joint invention of the traveling 
wave tube amplifier. 

1935 

Norwood Simmons, MS, is now man¬ 
ager of the West Coast division of East¬ 
man Kodak Company in Los Angeles. 
He was formerly assistant manager and 
has been with the company since 1937. 
He is also currently president of the So¬ 
ciety of Motion Picture and Television 


Engineers. The Simmonses live in Pasa¬ 
dena and have five children. 

1937 

Wesley T. Butterworth, MS ME, MS 
AE ’38, is now the manager of vehicle 
engineering at the Columbus, Ohio, di¬ 
vision of North American Aviation, Inc. 
He has been with the company since 
1951. 

Harold F. Wiley, MS, director of the 
analytical and control division of the 
Consolidated Electrodynamics Corpora¬ 
tion in Pasadena, has been named a vice 
president of the firm. He has been with 
the company since 1937. 

1938 

John C. Lilly is now director of the 
Communication Research Institute at St, 
Thomas in the Virgin Islands. He is 
working on the research possibilities of 
interspecies communication in dolphins 
in Florida at the present time. John was 
married last year to Elizabeth Bjerg. 

194Q 

Robert C. Brumfield, MS ’41, PhD 
’43, writes that he is now part owner of 

continued on page 42 


Engineering books from McGraw-Hill . . . 

Black — 

THEORY OF METAL CUTTING, Ready in February, 1961 

Greiner — 

SEMICONDUCTOR DEVICES AND APPLICATIONS, Ready in May, 1961. 


De Vries — 

GERMAN-ENGLISH SCIENCE DICTIONARY, 3rd Edition $7.00 

Moore — 

TRAVELING WAVE ENGINEERING, 368 pages $11.00 


Mishkin and Braun — 

ADAPTIVE CONTROL SYSTEMS, Ready in January, 1961. 

Touloukian — 

RETRIEVAL GUIDE TO THERMOPHYSICAL PROPERTIES RESEARCH 
LITERATURE. Three volume set ready in January, 196T at.$120.00 

Savant, Howard, Solloway, and Savant — 

PRINCIPLES OF INERTIAL NAVIGATION, Ready in January, 1961. 

Send for Copies on Approval 

McGRAW-HILL BOOK COMPANY, Inc. 

330 West 42nd Street New York 36, N.Y. 
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Litton has designed and developed an airborne 
computer that can perform 250,000 additions per 
second in a complete package less than 7 cubic feet 
in volume. This general-purpose data processor 
incorporates an advanced combination core and 
drum memory, high-speed switching circuits, and 
esoteric logic organization that features dual 
instruction registers and interlaced operand and 
instruction access cycles. 

Litton airborne systems currently in production 
for manned aircraft are for the Grumman A2F, 
W2F, WF2, and the Lockheed F-104 and P3V. 


Engineers experienced in logic design, circuit 
design, computer programming and disciplines 
related to computer systems, guidance and control 
systems, and tactical data systems will find posi¬ 
tions of absorbing interest in our R&D and manu¬ 
facturing facilities in Los Angeles suburbs. A 
laboratory for research and development in ad¬ 
vanced communications is maintained in Waltham, 
Massachusetts. If you can make significant contri¬ 
butions in any of these areas, write to Mr. Don 
Colvin, Research and Engineering Staff, Ventura 
Freeway at Canoga Ave., Woodland Hills, Calif. 


LITTON SYSTEMS, INC. 

Computer Systems Laboratory 
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an environment of inquiry and research 
prevails at Hamilton Standard 


Your advanced degree can be judiciously applied at Hamilton 
Standard, Far-reaching and important projects dealing with 
sophisticated space vehicle equipment as well as a diversi¬ 
fied list of new product programs will enable you to utilize 
your knowledge and capabilities on a high level. 

UNEXCELLED FACILITIES. In addition to Hamilton Standard 
Experimental Laboratories our personnel have available to 
them the research and development facilities of United Air¬ 
craft Corporation, considered the finest privately-owned in¬ 
stallations in the industry. 

A "MID-POINT" LOCATION. Our location in the picturesque 
Connecticut countryside offers pleasant, leisure-time living. 
Yet, we are only a short distance from Boston and New York 
and the important research centers of the East. 

A HEALTHY OUTLOOK. Hamilton Standard has been a major 
force in the aerospace industry for over forty years. The 
company continues to be deeply involved with major advances 
in the field of missiles and space flight. However, a dynamic, 
well-balanced program of product diversification is now 
applying the resources and talents of the company to entirely 
new industries. The opportunity for knowledgeable, younger 
men to assume challenging positions is outstanding. 



PROMISING NEW PRODUCT. The Hamilton-Zeiss Electron Beam 
process, using a controlled high density stream of electrons to 
weld, melt or cut any known materials is typical of Hamilton 
Standard’s industrial diversification program. Areas presently 
being explored concerning the Electron Beam process include 
Advanced Electron Optics, High Vacuum Systems, High Voltage 
Apparatus, Electro-Magnetics and Automation. 


TALK OVER your career requirements with the 
Hamilton Standard graduate school representative 
. . . then visit our facilities and meet scientists 
working on the Electron Beam process. For further 
information write: Mr. R, J. Harding. 


HAMILTON STANDARD DIVISION 

an organization dedicated to 3 and 

UNITED AIRCRAFT CORPORATION 

WINDSOR LOCKS, CONNECTICUT 
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As you plan your career-be sure to consider 


• It may surprise you that 
Monsanto needs electrical and mechanical engineers, 
as well as chemical engineers. 

Fact is, though, that Monsanto offers many opportuni¬ 
ties to men with your professional training, including: 

Mechanical Engineers ... 

• Plant design and layout 

• Equipment selection 

• Materials specification 

• Design of new and unique 
equipment 

Electrical Engineers ... 

• Design of electrical • Power distribution and 

systems substation design 


• Plant engineering 

• Construction 

• Specialization in the fields 
of fluid mechanics, stress 
analysis, heat transfer, etc. 


Monsanto 


• Process control 
instrumentation 

• Applied research 


• Automated process systems 
engineering 

• Equipment evaluation and selection 


May we discuss these with you as we visit your 
campus this year? You can arrange for this visit with 
your Placement Director; 
or write Professional Em¬ 
ployment Manager, EM-2, 

Monsanto Chemical Com¬ 
pany, St. Louis 66, Missouri. 
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Proud of your School? 
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I 


BE 

PROUD 
OF YOUR 

WORKING TOOLS... 

a.w.faber 

CASTELL 

helps the hand that 
shapes the future 

#9000 Castell Pencil 
with world’s finest 
natural graphite that 
tests out at more than 1“ 
99% pure carbon. 

Exclusive microlette gj|jjj|| 
mills process this 
graphite into a drawing 
lead that lays down 
graphite-saturated, 
non-feathering lines of 
intense opacity. Extra 
strong to take needle¬ 
point sharpness without 
breaking or feathering. 
Smooth, 100% grit- 
free, consistently 
uniform, 8B to 10H. 

#9800 SG Locktite 
Tel-A-Gkade Holder, 
perfectly balanced, 
lightweight, with new 
no-slip functional grip. 
Relieves finger fatigue. 
Unique degree 
indicating device. 

#9030 imported Kefili 
Leads, matching 
exactly #9000 pencil 
in quality and grading, 

7B to 10H, packed in 
reusable plastic tube 
with gold cap. 

A man advancing in 
his career just 
naturally gravitates to 
Castell, world’s finest 
drawing pencil. You’ll 
be wise to begin now. 

A.VtFMSER-MSrfLi. 

Pencil Co., Inc., Newark 3, N. J. 
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Personals . . . continued 

MHD Research, Inc., in Newport Beach. 
The Brumfield’s daughter, Cynthia, who 
would have been 12 in August, died of 
leukemia in September 1958. They have 
two other daughters — Corinne, 15, and 
Lisa, 1. 

Bernard M. Tobin, MS ’41, is now 
advisory engineer in Navy Systems Re¬ 
search at IBM’s Federal Systems Divi¬ 
sion in Owego, N.Y. He has been with 
IBM since 1956. 

Jerome Kohl is now coordinator of 
special products at the General Atomics 
Division of General Dynamics in La 
Jolla. He was formerly manager ai en¬ 
gineering and development at Tracerlab 
Inc., in Richmond. The Kohls and their 
two daughters are now living in the San 
Diego area. 

Donald H. Kupfer is associate pro¬ 
fessor of geology at Louisiana State Uni¬ 
versity in Baton Rouge. 

Robert L. Wells, MS, is now director 
of a newly-created management and 
professional personnel services depart¬ 
ment of the Westinghouse Electric Cor¬ 
poration in Pittsburgh. He was formerly 
general manager of the atomic power 
department, and has been with the com¬ 
pany since 1940. The Wellses have one 
daughter and three sons. 

Harrison Storms, AE ’41, received air 
honorary PhD from Northwestern Uni¬ 
versity in June. He is chief engineer at 
North American Aviation in El Segundo. 

1942 

Stanley Corrsin, chairman of the me¬ 
chanical engineering department at Johns 
Hopkins University in Baltimore, is 
teaching the 92nd graduate-level course 
presented in the Humble Oil & Refining 
Company’s Lectures in Science and En¬ 
gineering program. The course in fluid 
mechanics is being taught at the com¬ 
pany’s Baytown, Texas, refiner)'. 

1943 

Roland S. Saye is chief project engi¬ 
neer for Thor systems at Douglas Air¬ 
craft Company in Santa Monica. He 
has been with the project since 1956, 
after working as a hydraulic specialist 
on the company’s Nike missile project. 

Robert P. LeVine is now vice presi¬ 
dent and a director of Brand, Grumet 
& Seigel, Inc., in New York, members 
of the New York Stock Exchange. He 
was formerly with the National Brick 
Corporation. 

Robert M. Sherwin, MS ’50, ChE ’52, 
is now technical manager of the 'West¬ 
ern Chemical Division of the Hooker 
Chemical Corporation in Tacoma. He 
was plant engineer until the new post 
was created. The Sherwins have two 
sons and a daughter. 


1944 

]. Bruce McNaughton, assistant to the 
executive vice president of the Jeffrey 
Manufacturing Company in Columbus, 
Ohio, is now also president of the alumni 
body of Culver Military Academy in 
Culver, Indiana. The McNaughtons, who 
live in Columbus, have two sons and 
a daughter. 

Charles R. Rikel, MS, is division man¬ 
ager of the northeast division of the 
Southern California Gas Company. He 
has been with the company since 1946. 
The Rikels live in Pasadena with their 
two sons — Chuck, 16, and James, 13. 

Max L. Panzer, MS ’45, PhD ’48, is 
now a consulting engineer in partner¬ 
ship with Glynn Lockwood, ’46, in Mon¬ 
terey, Calif. Their merger is known as 
the Del Monte Technical Associates and 
they are currently designing a precision 
film measuring system lor the "White 
Sands Missile Range. 

1945 

Hugh S. West is now a Chartered 
Life Underwriter, one of the top profes¬ 
sional designations in the life insurance 
field. He is assistant secretary sA the 
agency department of the field services 
division of the Connecticut General Life 
Insurance Company in Hartfield. The 
Wests, who live in Bloomfield, have four 
children. 

Duane T. McRuer, MS ’48, president 
of Systems Technology, Inc., in Ingle¬ 
wood, won a Louis E. Levy Medal from 
The Franklin Institute in Philadelphia 
last month. The award was one of two 
given for a joint paper on “The Human 
Operator as a Servo System Element.” 

1948 

Max Garber is marketing vice presi¬ 
dent of Consolidated Vacuum Corpora¬ 
tion, a Bell & Howell/CEC subsidiary 
in Rochester, N.Y. 

William A. Drew has been promoted 
from assistant actuary to associate actu¬ 
ary at The Lincoln National Life Insur¬ 
ance Company in Fort Wayne, Indiana. 

Jack S. Anderson, MS, PhD ’53, is 
now director of engineering in the new¬ 
ly-formed systems and controls group of 
the Crane Company. He is presently 
headquartered a! the Hydro-Aire facility 
in Burbank. The Andersons and their 
three children live in Pasadena. 

Col. Elmore G. Lawton, MS, and Lt. 
Col. Douglas K. Blue, MS, are attend¬ 
ing The Army War College at Carlisle 
Barracks, Penn., which is the senior 
school that prepares selected officers for 
future assignments to top staff and com¬ 
mand positions in the Armed Forces and 
other key government positions. 
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CONVAIR/POMONA 

Convair Division of 

GENERAL DYNAMICS CORPORATION 

POMONA, CALIFORNIA 




...who are Engineers, look twice 
at the many advantages 
CONVAIR-POMONA offers 


ADVANCEMENT opportunities are provided for the 
competent engineer as rapidly as his capabilities will permit 
in currently expanding programs. 


PROFESSIONAL ENVIRONAIENT-CONVAIR-POMONA'S 

facility is of modern design and completely air-conditioned. 
You will work with men who have pioneered the missile 
industry and are now engaged in some of the most advanced 
programs in existence. 


ADVANCED EDUCATION — Tuition refund is provided 
for graduate work in the field of your speciality. Company 
sponsored in-plant training courses offer the Engineer the 
finest of educational opportunities. 


CALIFORNIA LIVING — Suburban Pomona offers lower 
living costs and moderate priced property, unexcelled recre¬ 
ational facilities, freedom from rush hour traffic and the 
ultimate in comfort and gracious living. 


Contact your placement office immediately to assure yourself of a 
campus interview with Convair-Pomona. 

If personal interview is not possible send resume and grade transcript 
to B. L. Dixon, Engineering Personnel Administrator, Dept.CM-602 
Pomona, California. 


NEW PROGRAMS at Convair-Pomona, offer excellent 
opportunities today for Engineers. Convair-Pomona, created 
the Army's newest weapon, REDEYE, Shoulder Fired MISSILE and 
developed the Navy's ADVANCED TERRIER and TARTAR MISSILES. 

Many other, still highly classified programs, 
stimulating the imagination of the most progressive thinking 
scientist and engineer are presently at various stages 

of development. 

Positions are open for experienced and inexperienced 
Bachelors, Masters and Doctorates in the fields 
of Electronics, Aeronautics, Mechanics and Physics. 
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preferably... 

a big FISH in the right-sized STREAM 

O 

We’ve been told frequently that engineering graduates are attracted to a 
company our size because of an honest and understandable desire to be 
“a big fish in a little pond”. Perhaps others prefer to think of the future as 
the challenge of “swimming up-stream”. 

We believe that Sikorsky Aircraft is actually the “right-sized stream” for 
young engineers who would enjoy diversified, small-group activities, as 
well as stature opportunities in a field that is not limited nor professionally 
confining. Sikorsky Aircraft is the company which pioneered the modern 
helicopter; and our field today is recognized as one of the broadest and most 
challenging in the entire aircraft industry. 

Because of this, we can offer stimulating experiences in an ideal environ¬ 
ment. Work associations could include joining an electronic team of twenty 
to thirty associates—or—working with a highly selective group of four or 
five on interesting problems of radiation, instrumentation, auto pilotage, 
automatic stabilization , etc. 

And what of your future? 

That, of course, involves your own potential for growth. As 
a far-sighted company, we’re more than willing to help you 
meet the challenge of “going up-stream”! 

For factual and detailed information 
about careers with us, please write to Mr. 

Richard L. Auten, Personnel Department. 



Al RCRAFT 

Division OF UNITED AIRCRAFT CORPORATION 

STRATFORD, CONNECTICUT 
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provide added quality and 



performance for your equipment 
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SEALMASTER Ball Bearing Units give a decided quality advan¬ 
tage at no premium in price. Exclusive SEALMASTER engineer¬ 
ing features are designed to provide years of efficient 
performance. SEALMASTER'S diversified lines of bearing units 
enables you to meet all types of bearing applications and 
specific mounting arrangements. Whatever your bearing 
requirements may be, with regard to quality, performance, 
load or economy, you'll find SEALMASTER has it. For full 
information on SEALMASTER Ball Bearing Units, including 
the new low cost "L" Series Units and "L” Series Units with 
contact seals, call your SEALMASTER factory sales represen¬ 
tative or distributor, or write direct to the factory. 


SEALMASTER 





\ 


Normal-Standard-Medium Duty 

PILLOW BLOCKS 



FLANGE CARTRIDGE 
UNIT 


SEALMASTER BEARINGS A division of 
STEPHENS-ADAMSON MFG. CO. 
49 Ridgeway Ave. * Aurora, Illinois 


WRITE FOR 
CATALOG 454 
and BULLETIN 359 






Standard-Medium Duty 

FLANGE UNITS 



LP PILLOW BLOCK 



LF FLANGE UNIT 


PLANTS LOCATED IN: LOS ANGELES. CALIFORNIA • CLARK S'D ALE, MISSISSIPPI • BELLEVILLE, ONTARIO 
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Personals . . . continued 



Chances are you’ll eventually be involved 

in some way with specifications for: 


AIR CONDITIONING 

REFRIGERATION 

HEATING 

HEAT TRANSFER 


and chances are you’M proitt. by Knowng 



the One Manufacturer providing 

“one source-one responsibility’’ for all four. 

DUN HAM-BUSH, INC. 

WEST HARTFORD 10 • CONNECTICUT • U. S. A. 


1949 

Marvin Abramovitz, MS, is now work¬ 
ing at the Flight Research Center of Na¬ 
tional Aeronautics and Space Adminis¬ 
tration in Edwards, California. 

Lloyd P. Geldart, GeE, is professor 
of applied geophysics at McGill Uni¬ 
versity in the department of mining en¬ 
gineering in Montreal, Quebec. He was 
formerly chief geophysicist at the Cali¬ 
fornia Exploration Company in San 
Francisco. 

Richard Patterson is now project en¬ 
gineer at the Bechtel Corporation in Los 
Angeles. 

John Heath, Jr., writes that he is dis¬ 
trict manager for northern California, 
Nevada, and Utah, at the American Ap¬ 
praisal Company in San Francisco. The 
Heaths have two children — Leon, 9, 
and Kathy, 3. 

1953 

Michael Lourie, technician at the Uni¬ 
versity of California’s Radiation Labora¬ 
tory in Berkeley, died of a self inflicted 
gunshot wound on September 9. He had 
been working as a programmer with the 
theoretical physics group. 

1954 

C. Richard Smith, MS ’55, instructor 
at El Camino College, is now doing 
graduate work in mathematics at the 
University of Missouri in Columbia. Dick 
writes that he was one of 120 cyclists at 
the Olympic trials in New York. Dick 
finished 8th and only 3 minutes behind 
the winner on the 112-mile course. 

1955 

Edwin J. Furshpan, PhD, is associate 
in neurophysiology and neuropharmac¬ 
ology at Harvard University. He was 
formerly an instructor in opthalmic physi¬ 
ology at Johns Hopkins University. 

Arthur E. Lewis, MS ’55, PhD ’58, 
was appointed a scientist at the Santa 
Barbara Science Center of Hoffman 
Electronics Corporation last May. For 
the past two years, he had been a 
senior engineer at the Santa Barbara 
division of the Curtiss-Wright Corpora¬ 
tion. 

1956 

William K. Purves is now a postdoc¬ 
toral fellow of the National Cancer Insti¬ 
tute at UCLA, in the botany department. 
The Purveses now have a son, David, 
who was bom during their stay at the 
Universitat Tubingen in Germany. 

Peter O. Lauritzen is now in Zurich 
on a fellowship at the Swiss Federal In¬ 
stitute of Technology. 

1958 

William G. Tifft, PhD, is research 
associate in astronomy at Vanderbilt Uni¬ 
versity in Nashville. 
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Record-breaking Atlas missile billows flame and vapor as she launches satellite into orbit. 


130 tons of missile with a skin 
thinner than a window pane! 


The Nickel Stainless Steel skin of 
the Atlas missile is actually about 
one-third as thick as the glass in 
your window. 

And yet look what this skin does: 

• It is the sole structural framework 
for Atlas—130 tons of dead weight 
at the moment of firing. 

• It serves as the wall of the propel¬ 
lant tanks in Atlas’ weight-saving 
design. 

• It withstands the deep chill of 
liquid oxygen (—297°F) . . . the 
high heat of supersonic speed 
(400°F-600°F). 

... and it is less than 1/25 of an inch 
thick! 

No wonder they call stainless the 
space-age metal. No wonder engi- 

N overnber, 1960 


neers turn more and more to Nickel 
Stainless Steel as temperatures rise 
... as speeds soar ... as demands get 
more and more severe. 

But space is only one of the new 
worlds science is penetrating, and 
not even the newest. Witness man’s 
35,805-foot dive into the depths of 
the Marianas Trench in the Pacific. 
Or his exploration of deep cold. Of 
super pressures. Of ultrasonics. 

Before the manipulation of such 
new environments can even be con¬ 
sidered, scientists and engineers 
need to know exactly what happens 


to metals under extreme conditions. 
Inco Research a source of such data 
Quite often, Inco Research has 
already developed the information 
needed and has it neatly filed and 
cross indexed. Ready for use. In 
several instances, when a new alloy 
was needed, barrier breakers have 
found it already developed and 
tested by Inco Research. 

Remember Inco Research when, 
in the future, you encounter severe 
new conditions and need useful data. 
The International Nickel Company, Inc. 

New York 5, N. Y. 


A International Nickel 

The International Nickel Company, Inc., is the U. S. affiliate of the International Nickel 
Company of Canada, Limited. (Inco-Canada) — producer of Inco Nickel, Copper, Cobalt, 
Iron Ore, Tellurium, Selenium, Sulfur and Platinum, Palladium and Other Precious Metals. 
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CRESCENT INSULATED WIRE & CABLE CO 

TRENTON, N.J. 


SMOOT-HOLMAN 

Perfect Vision 
‘xx Luminaire 


BE WELL INFORMED 


Granted 
U. S. Patents 

2,932,728 and 2,933,279^5^ 
Proof Positive of Lighting Leadership! 

Only a genuinely original contribution to 
the art of lighting earns the recognition of 
the U.S. Patent Office. The broad coverage 
of these patents is evidenced by the fact that 
twelve separate claims were allowed. The 
high performance Perfect Vision Luminaire 
is typical of Smoot-Holman originality in 
lighting fixture development.. Smoot- 
Holman is the only lighting manufacturer 
using its own analogue computer to insure 
3 maximum efficiency in fixture design. For 
^9 your next lighting job check Smoot-Holman 

first! 


One of the many reasons you should 
subscribe to The California Tech is that 
this campus newspaper is the only way 
you can get a weekly account of the stud¬ 
ent activities at Caltech. 

Subscriptions for the remainder of the 
1960-61 academic year are available for 
only $2.00. Write to: 

Howard Monell 
Circulation Manager 
Dabney House, Caltech 


SMOOT-HOLMAN COMPANY Inglewood, Califort. 


Engineering and Science 




research? 


development? 


production? 


y 1 

Which area is best for your chemical career? 

Have you the “creative curiosity” required by research? Does the 
development of ideas into products fascinate you? Or are you the 
kind of man who enjoys the immediate, tangible results of production? 

It’s not always easy for a graduating chemist or engineer 
to pick/the work area best suited to his talents and inclinations. 

Allied Chemical makes every effort to see that new employees 
get into the kind of work that suits them best and interests them most. 
Our extensive facilities help us here: 12 research and development 
centers ... over 100 plants throughout the country . . . more than 
3,000 diversified products—chemicals, plastics, fibers. 

Ask our interviewer about career opportunities at Allied when he 
next visits your campus. Your placement office can give you the 
date and supply you with a copy of “Your Future in Allied Chemical.” 
Allied Chemical Corp., Dept. 116-R2, 61 Broadway, New York 6, N. Y. 


j DIVISIONS: 

1 ?; BARRETT • GENERAL CHEMICAL 

H I INTERNATIONAL 

NATIONAL ANILINE • NITROGEN 

| ' PLASTICS AND COAL CHEMICALS 

fc BASIC TO AMERICA’S PROGRESS * semetsolvay • solvay process 
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The experience and creativity of 
Space Technology Laboratories 
in the field of space systems — 
both military and civilian—are 
documented in this record of ac¬ 
complishment: Responsibility 
since 1954 for the over-all sys¬ 
tems integration and test for the 
Atlas, Thor, Titan, and Minute- 
man elements of the U.S. Air 
Force ballistic missile program, 
and in such advanced space proj¬ 
ects as Score, Tiros I, Transit IB, 
and Mercury. Conduct of vehicle 
re-entry projects and the Pioneer 
I, Explorer VI, and Pioneer V ad¬ 
vanced space probes on behalf of 
the Air Force, ARPA and NASA. 
Contributions to these projects 
included design, construction, 
and instrumentation of space 
vehicles and ground systems; 
over all systems engineering and 
technical direction; direction of 
launch and tracking; and data 
reduction and analysis. 

This performance demon¬ 
strates STL creative flexibility to 
anticipate and initiate responses 
to the space challenge. To dis¬ 
charge its growing responsibility 
in Space Technology Leadership, 
STL is now broadening the scope 
of its activities. Resumes and in¬ 
quiries concerning opportunities 
with STL are invited from out¬ 
standing scientists and engi¬ 
neers, and will receive meticulous 
attention. 

@ 

SPACE TECHNOLOGY 
LABORATORIES, INC. 

osubsid/ory of Thompson Romo Woo/dridge Inc. 
P.,0. Box 95005JJ 

Los Angeles 45, California 


Lost Alumni 


The Institute has no record of the present addresses of these alumni. If you know 
the current address of any of these men , please contact the Alumni Office , Caltech. 


1906 

Norton, Frank E. 

1911 

Lewis, Stanley M. 

1915 

Soyster, Charles J. 

1918 

Lavagnino, John F. 

1921 
Arnold, Jesse 
Fletcher, Harold O. 

1922 

Cox, Edwin P. 

1923 

Hickey, George I. 
Skinner, Richmond H. 

1924 

McKaig, Archibald 
Mercereau, James T. 
Tracy, Willard H. 

1925 

Waller, Conrad 1. 

1926 

Chang, Hung-Yuan 
McCarter, Kenneth C. 
Yang, Kai Jin 

1928 

Chou, P’ei-Yuan 
Hicks, Hervey C. 
Martin, Francis C. 
Morgan, Stanley C. 
Wingfield, Baker 

1929 

Briggs, Thomas H., Jr. 
Burns, Martin C. 
Nelson, Julius 
Robinson, True W. 
Wolfe, Karl M. 

1930 

Allison, Donald K. 
Chao, Chung-Yao 
Douglass, Paul W., Sr. 
Janssen, Philip 
Lea, William F. 
Shields, John C. 
White, Dudley 

1931 

Hall, Marvin W. 

Ho, Tsien-Loh 
Voak, Alfred S. 

West, William T. 
Woo, Sho-Chow 
Yoshoka, Carl K. 

1932 

Brass, P. D. 

Patterson, j. W. 
Schroder, L, D. 
Wright, Lowell, J. 

1933 

Applegate, Lindsay M 
Ayers, John K, 
Downie, Arthur J. 
Hsu, Chuen Chang 
Kitusda, Kaneme 
Koch, A. Arthur 
Larsen, William A. 
Lockhart, E. Ray 
Michal, Edwin B. 
Murdock, Keith A. 
Rice, Winston H. 
Shappell, Maple D. 
Smith, Warren H. 

1934 

Harshberger, John D. 
Liu, Yuan Pu 
Radford, James C. 
Read,John 


Rooke, Donald R. 

1935 

Becker, Leon 
Bertram, Edward A. 
Huang, Fun-Chang 
McNeal, Don 

1936 

Chu, Djen-Yuen 
Creal, Albert 
Dunn, Clarence L. 
Kelch, Maxwell 
Kurihara, Hisayuki 
Nelson, Loyal E. 
Ohashi, George Y. 

1937 

Burnight, Thomas R. 
Cheng, Ju-Yung 
Easton, Anthony 
Fan, Hsu Tsi 
Jones, Paul F. 

Lotzkar, Harry 
Maginnis, Jack 
Moore, Charles T. 
Munier, Alfred E. 
Nojima, Noble 
Penn, William L. 
Rechif, Frank A. 
Servet, Abdurahim 
Shaw, Thomas N. 

1938 

Ackerman, John B. 
Elliott, Bruce C. 
Cershzohn, Morris 
Goodman. Hyman D. 
Gross, Arthur G. 
Kanemitsu, Sunao 
Li ,Yuan-Chuen 
Lowe, Frank C. 
Ofsthun, Sidney A. 
Okun, Daniel A. 
Porter, Edwin J. 
Tilker, Paul O. 

Tsao, Chi-Cheng 
Wang, Tsun Kuei 
Watson, James W, 

1939 

Asakawa, George 
Brown, William Lowe 
Easton, R. Loyal 
Gombotz, Joseph J. 
Liang, C. Chia-Chang 
Neal, Wilson H. 
Oppenheimer, Frank 
Robertson, Francis A. 
Tatom, John F. 

Tsien, Hsue-shen 
Wilson, Harrv D. 

1940 

Batu, Buhtar 
Centner, William E. 
Gibson, Arville C. 
Green, William J. 

. Hosrner, Clark L. 

Hsu, Chang-Peri 
Karubian, Ruhollah Y. 
Kennedy, David H. 
Lester, Raymond T. 
Menis, Luigi 
Paul, Ralph G. 
Peterson, Norman L. 
Tajima, Yuji A. 

Tao, Shih Chen 
Torrey, Preston C. 
Ustel, Sabih A. 

1941 

Arnold, John K. 

Clark, Morris R. 
Dieter, Darrell W. 
Easley, Samuel J. 
Geitz, Robert C. 


Green, Jerome 
Harvey, Donald L 
Hubbard, Jack M. 

Kuo, I. Cheng 
Noland, Robert L. 
Robinson, Frederick G. 
Stanridge, Clyde T. 
Taylor, D. Francis 
Tiemann, Cordes F. 
Waigand, LeRoy G. 
Whitfield, Hervey H. 
Yui, En-Ying 

1942 

Bebe, Mehmet F. 
Chastain, Alexander 
Curtis, Thomas G. 
Emre, Orhan M. 

Go, Chong-Hu 
Hughes, Vernon W. 
Johnston, William C. 
Levin, Daniel 
MacKenzie, Robert E. 
Martinez, Victor H. 

1943 

Angel, Edgar P. 

Bethel, Horace L. 
Bridgland, Edgar P. 
Brown, James M. 
Bryant, Eschol A. 
Burlington, William J, 
Carlson, Arthur V. 
Colvin, James H. 
Daniels, Glenn E. 
Hamilton, William M. 
Hillyard, Roy L. 
Hilsenrod, Arthur 
King, Edward G. 

Koch, Robert H. 

Kong, Robert W. 
LaForge, Gene R. 

Lee, Edwin S., Jr. 
Leeds, William L. 
Ling, Shih-Sang 
Lobban, William A. 
Lundquist, Roland E. 
Mampell, Klaus 
McNeil, Raymond F. 
Mixsell, Joseph W. 
Mowery, lrl H., Jr. 
Nesley, William L. 
Neusehwander, Leo Z. 
Newton, Everett C. 
O’Brien, Robert E. 
Patterson, Charles M. 
Pearson, John E. 
Rambo, Lewis 
Rivers, Nairn E. 
Roberts, Fred B. 
Rupert, James W., Jr. 
Scholz, Dan R. 
Shannon, Leslie A. 
Smitherman,Thomas B. 
Tindle, Albert W., Jr. 
Vicente, Ernesto 
Walsh, Joseph R. 
Washburn, 

Courtland L. 

Weis. William T. 
Wood, Stanley G. 

1944 

Alpan, Rasit H, 
Arreguin-Lozano, 
Barbarin 

Baranowski, John J. 
Barriga, Francisco D. 
Bell, William E. 
Benjamin, Donald G. 
Berkant, Mehmet N. 
Birlik, Ertugrul 
Burch, Joseph E. 
Burke, William G. 


Cebeci, Ahmed 
Cooke, Charles M. 

De Medeiros, Carlos A. 
Fu, Ch’eng Yi 
Harrison, Charles P. 
Hu, Ning 

Johnson, William M. 
Kern, Jack C., Jr. 
Labanauskas, Paul J. 
Leenerts, Lester O. 

Lin, Chia-Chiao 
Marshall, John W. 
Onstad, Merrill E. 
Ozkaragoz, Ethem 
Pi, Te-Hsien 
Pischel, Eugene F. 
Rasof, Bernard 
Ridlehuber, Jim M. 
Shults, Mayo G. 
Stanford, HarryW, 
Stein, Roberto L. 
Sullivan, Richard B. 
Sunalp, Halit 
Trimble, William M. 
Unayral, Nustafa A. 
Wadsworth, Jos. F. Jr. 
Wight, D. Roger 
Williams, Robert S. 
Wolf, Paul L. 

Writt, John J. 

Yik:, George 

1945 

Ari, Victor A. 

Budney, George S. 
Bunze, Harry F. 

Fanz, Martin C. 

Fox, Harrison W. 
Gibson, Charles E. 

Jenkins, Robert P. 
Knapp, Norman E. 
Kuo, Yung Huai 
Levy, Charles N. 
Pooler, Louis G. 
Romney, Carl F. 

Tseu, Payson S. 
Turkbas, Necat 
Yank, Frank A. 

1946 

Allison, Charles W., Jr. 
Barber, John H. 
Behroon, Khosrow 
Bowen, Mark E. 
Burger, Glenn W. 
Chen, Ke-Yuan 
Childers, Kenan C., Jr. 
Dethier, Bernard 
Dyson, Jerome P. 
Esner, David R. 

Foster, R. Bruce 
Halvorson, George C. 
Hayne, Benjamin S., Ill 
Huestis, Gerald S. 
KeYuan, Chen 
Lewis, Frederick W. 
Lowery, Robert H. 
Maxwell, Frederick W. 
Olsen, Leslie R. 

Parker, James F. 
Prasad, K. V. Krishna 
Simmons, George F. 
Sledge, Edward C. 
Smith, Harvey F. 
Tung, Yu-Sin 
Weldon, Thomas F. 
Winson, Jonathan 

1947 

Asher, Rolland S. 
Atencio, Adolfo T. 
Clarke, Fredric B. 
Clements, Robert E. 
Clock, Raymond M. 
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Northrop is an analog for progress where engineers 
— and ideas — grow to reach their maximum poten¬ 
tial. It takes a lot of engineer to measure up to 
Northrop’s creative engineering challenges. 

To convert our sophisticated requirements into 
producible and reliable systems calls for intellectual 
stature, disciplined imagination, and an explorer’s 
venturesome curiosity. 


Northrop is rich in advanced projects to grow on. 
If you want to associate yourself with an organiza¬ 
tion that is producing tomorrow’s technological 
headlines today, stand up and be measured. Send us 
a card or letter today with your name, address, and 
area of special interest. 

NORTHROP CORPORATION, P.0. BOX 1525, BEVERLY HILLS, CALIF. 

DIVISIONS: NORAIR / RADIOPLANE / NORTRONICS 
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A REAL CAREER 

" OPPORTUNITY FOR GRADUATES 


fmc 


G833. COMMERCIAL OPERATIONS: DEFENSE OPERATIONS: 


Graduates planning careers in chemical, elec¬ 
trical or mechanical engineering, will be interested in 
evaluating the opportunities offered by Food Machinery 
and Chemical Corporation, with headquarters in San 
Jose, California—a nation-wide organization that puts 
ideas to work through creative research and practical 
engineering. 

FMC offers career opportunities in these fields: 
Agricultural Chemicals • Agricultural Equipment • 
Automotive Servicing Equipment • Food Canning & 
Freezing Equipment • Defense Materiel • Fire Fight¬ 
ing Equipment « Industrial Chemicals • Materials 
Handling Equipment • Power Gardening Equipment • 
Packaging Equipment • Food Packing and Processing 
Equipment • Petroleum Specialty Equipment • Pumps 
and Water Systems • Waste Disposal Equipment 



FMC’s Ordnance Division, 
located at San Jose, California, 
produces mobile support equip¬ 
ment for military programs in¬ 
cluding amphibious tracked 
vehicles and missile ground sup¬ 
port equipment. This fully in¬ 
tegrated organization and its 
well equipped facilities provide 
coordinated control of each 
phase of every project from 
design concept through devel¬ 
opment and production. 

The division possesses complete prototype and quantity 
production manufacturing facilities along with a wide 
variety of test equipment and processes, as well as 
complete testing grounds for tracked vehicles and mis¬ 
sile handling equipment. Young graduates employed 
by FMC have the opportunity of working with men 
of outstanding engineering talent and leadership in 
mechanical, structural, electrical, hydraulic, and metal¬ 
lurgical specialties. 

This challenging field offers tremendous possibilities 
for the young engineer. Because of rapid advancements 
in this sphere of activity, FMC is constantly looking 
for men with the special capabilities for creative engi¬ 
neering and development. 



To acquaint students with the broad scope of career opportunities in FMC’s 
diversified activities, we invite you to write for copies of our brochure, “Putting 
Ideas to Work,” which graphically presents FMC’s operations and product lines. 

Address: Personnel Administration Department 

P. O, Box 760, San Jose, California, 
or Industrial Relations Department 
161 East 42nd Street, New York 17, New York 


Putting Ideas to Work 

FOOD MACHINERY AND CHEMICAL CORPORATION 
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Advanced power conversion systems 

for space vehicles utilizing energy of the sun or 
heat from a nuclear reactor are now being devel¬ 
oped by Garrett’s AiResearch divisions. Under 
evaluation are dynamic and static systems which 
convert heat into a continuous electrical power 
supply for space flight missions of extended dura¬ 
tion. Component and material developments for 
these systems are being advanced in the fields of 
liquid metals, heat transfer, nonmechanical and 
turboelectric energy conversion, turbomachinery, 
alternators and controls. 

Besides solar and nuclear power systems for 
space applications, other product areas at Garrett 
include small gas turbine engines, environmental 
systems for advanced flight vehicles, cryogenic 


fluid systems and controls, pneumatic valves and 
controls and missile accessory power units. 

This diversification of project areas enables 
the engineer at Garrett to specialize or diversify 
according to his interest, not only making work 
more interesting but increasing the opportunities 
for responsibility and advancement. 

An orientation program lasting several months 
is available for the newly graduated engineer, 
working on assignments with highly experienced 
engineers in laboratory, preliminary design and 
development projects. In this way his most profit¬ 
able areas of interest can be found. 

For further information about a career with 
The Garrett Corporation, write to Mr. G. D. 
Bradley in Los Angeles. 



AiResearch Manufacturing Divisions 


Los Angeles 45, California • Phoenix, Arizona 

Systems and Components for : aircraft, missile, spacecraft, electronic, nuclear and industrial applications 
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Where 


Lost Alumni 


continued 


do 

you 



We're not looking for a 
direct answer. 

This is just to remind you 
that a good knowledge of 
miniaturization is worth having 
— wherever you go in the 
world of engineering. 

Keeping engineering minds 
well-informed on the latest 
progress in — and with -— 

MPB miniature and instrument 
bearings is one of our main 
objectives. MPB bearings are 
made in over 500 types and 
sizes, with O.D.'s from 5/i >r 
to l/l0 ,/ . They are used in 
over 16,000 applications, 
ranging from dental 
handpieces to missile systems. 

Magnificent Miniatures, 
a 16mm color and sound film, 
pictures the manufacture and 
uses of MPB bearings. The new 
comprehensive MPB catalog 
with basic engineering informa¬ 
tion, describes the complete 
line and many applications. 
Both are available to your 
class or group, without charge, 
from Miniature Precision 
Bearings, Inc., 21 Precision 
Park, Keene, N. H. 



Helps you perform 
miracles in miniaturization 


Dagnall, Brian D. 
Darling, Donald A. 
Hammerle, W illiam G. 
Hsu, Chi-Nan 
Hsueh, Chi-Hsun 
Huang, Ea-Qua 
Lane, James F. 

Leo, Fiorello R, 
MacAlister, Robert S. 
Manoukian, John 
McClellan, iliomas R. 
Miller, Curtis E. 
Molloy, Michael K. 
Monoukian, John 
Moorehead, Basil E. A. 
Olson, Raymond L. 
Orr, John L. 
Kamaswamy, 
Guruvayur S. 

Ray, Kamalesh 
Ruderman, Malvin A. 
Sanders, Lewis B, 
Sappington, Merrill H. 
Torgeson, Warren S. 
Vanden Heuvel, 
George R. 

Wan, Pao Kang 
W ellman, Alonzo H. J r. 
Wimberly, Clifford M. 
Ying, Lai-Chao 

1948 

Agnew, Haddon W. 
Bunce, James A, 
Collins, Burgess F. 
Cotton, Mitchell L. 
Crawford, William D. 
Hager, James W. 
Hsieh, Chia Lin 
Hsiao, Chien 
Kelley, Roy S. 

Latson, Harvey H., Jr. 
Leavenworth, C. D, 
Mason, Herman A. 
Morehouse, Gilbert G. 
Oliver, Edward D. 
Rhynard, Wayne E. 
Swain, John Sabin 
Swank, Robert K. 
Voelker, William II. 
Winniford, Robert S. 
Woods, Marion C. 
Yanak, Joseph D. 

1949 

Barker, Edwin F., Jr. 
Bauman, John L., Jr. 
Baumann, Laurence I. 
Burkholder, Joseph F. 
Clancy, Albert H., Jr. 
Clendening, H. C. 
Cooper, Harold D. 
Foster, Francis C. 
Galstan, Robert H. 
Heiman, Jarvin R. 
Ismail, Hassan M. 
Krasin, Fred E. 
Laberge, Jerome G. 
Lowery, Richard O. 
MacKinnon, Neil A. 
MeElligott, Richard H. 
Merrell, Richard L. 
Orme, Eric C. 

Petty, Charles C. 
Rinehart, Marion C. 
Ringness, William M. 
Stappler, Robert F. 
Weiss, Mitchell 
Yu, Sien-Chiue 

1950 

Bryan, William C. 
Dowd, Thomas E., Jr. 
Edelstein, Leonard 
Li, Chung Hsien 
McDaniel, Edward F. 
McMillan, Robert 


Merrifield, Donald P. 
Nelson, Robert C. 

Pao, W. K. 

Paulson, Robert W. 
Petzold, Robert F. 
Roberts, Morton S. 
Scherer, Lee R., jr. 
Schneider, William P. 
Vivian, James A. 
Whitehill, Norris D. 
Wright, Amos L, 

1951 

Arosemena, Ricardo M. 
Chong, Kwok-Ying 
Davison, Walter I. 
Denton, James Q. 
Hawk, Riddell L. 
Lafdjian, Jacob P. 

Li, Cheng-Wu 
Merkel, George 
Padgett, Joseph E., Jr. 
Pfeitfer, Walter F. 

St. Amand, Pierre 
Summers, Allan J. 

1952 

Abbott, John R. 
Arcoulis, Elias G. 
Cook, Samuel P. 
Gerington, Thomas E, 
Harrison, Marvin E. 
Helmutli, J ames G. 
Loftus, Joseph F. 
Long, Ralph F. 
Lunday, Adrian C. 
Munson, Albert G., Jr. 
O'Brien, Joseph 
Primbs, Charles L. 
Robieux, Jean 
Schaufele, Roger D. 
Shelly, Thomas L. 
Sutton, Donald E. 
Wiberg, Edgar 
Wilson, Howard E. 
Woods, Joseph F. 
Zacha, Richard B. 

1953 
Clark, David J, 
Lennox, Stuart G. 
Mishaan, Alberto 
Vidal, Jean L. 

1954 

Feuchtwang, Thos. E. 
Mertz, Charles, III 
Quiel, Norwald R. 

1955 

Crowe, Thomas H. 
Lim, Macrobio 
Moore, William T. 

1956 

Hershberger, Edw. E. 
Hsu, Nan-Teh 
Marcy, William L. 
Spence, William N. 
Tang, Chnng-Liang 

1957 

Howie, Archibald 
Leader, Elliot 
Lee, Wonyong 
Soux, Luis B. 
Stuteville, Joseph E. 
West, Clinton 
Wong, Chi-hsiang 

1958 

Pjerrou, Gerald M. 
Rieunier, Jacques M. 
Schumann, Thomas G. 

1959 

Graham, Wm. R., Jr. 
Greenberg, Joel D. 

1960 

Funada, Albert T. 



Donald W. Douglas, Jr., President of Douglas, 
discusses valve and fuel flow requirements 
for space vehicles with Dr. Henry Ponsford, 
Chief, Structures Section. 

Spaceliners have 
the biggest thirst 
in the universe 

Each 6,000,000 pound thrust rocket 
ship now being planned for manned 
interplanetary exploration will gulp 
as much propellant as the entire 
capacity of a 170 passenger DC-8 
Jetliner in less than 4 seconds! it 
will consume 1,140 tons in the 
rocket's approximately 2 minutes of 
burning time. Required to carry this 
vast quantity of propellant will be 
tanks tall as 8 story buildings, strong 
enough to withstand tremendous G 
forces, yet of minimum weight. 
Douglas is especially qualified to 
build giant-sized space ships of this 
type because of familiarity with every 
structural and environmental prob¬ 
lem involved. This has been gained 
through 19 years of experience with 
missile and space systems. 

Douglas is now seeking qualified 
engineers, physicists, chemists and 
mathematicians for programs like 
SATURN plusotherssuchasZEUS, 
SKYBOLT, MISSILEER, DELTA, 
GENIE and ANIP. For full informa¬ 
tion write to Mr. C. C. LaVene, 
Douglas Aircraft Company, Inc., 
Santa Monica, California, Section B 



MISSILE AND SPACE SYSTEMS ■ MILITARY AIRCRAFT 
DC-8 JETLINERS ■ CARGO TRANSPORTS 
AIRCOMB® ■ GROUND SUPPORT EQUIPMENT 
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Earth’s attraction for an apple? 

Free fall in relativistic space? 

A complex meson field? 

Built-in return power for project 
Mercury? 

How is it related to binding energy? 







































CALTECH CALENDAR 


ALUMNI EVENTS 

November 12 Interhouse Dance 
December Fall Dinner Meeting 
January Winter Dinner Meetnig 

March 4 Annual Dinner Dance 

May 6 Annual Seminar 

June 7 Annual Meeting 


ATHLETIC SCHEDULE 

Soccer 

November 12 

UC Riverside at Caltech 
November 18 

Redlands at Redlands 
November 23 

Pomona at Caltech 
December 1 

UCLA at Caltech 

Water Polo 
November 15 

L.A. State at Rosemead Hi 
November 18 

Redlands at Caltech 
November 22 

Occidental at Caltech 
Basketball 
December 1 

Naval Training Station 
at San Diego 
December 2 

Cal Western at San Diego 
December 6 

Upland College at Caltech 


FRIDAY EVENING 
DEMONSTRATION 
LECTURES 

Lecture Hall, 201 Bridge, 7:30 p.m. 
November 18 

Tandem Machines and Research 
— Ward Whaling 

December 2 

Conditions and Life of 
the Oceans of the Past 
— Heinz Lowenstam 

December 9 

The World’s Radioactive Carbon 
and Nuclear Explosions 
— Milton Plessett 

December 16 

Scientific Significance of New 
Kinds of Lunar Observations 
—Bruce Murray 



Magazines 

Catalogs 

Newsletters 

Programs 

House Organs 
Books, etc. 

Pasadena’s oldest and most 
complete publication house ... 






OF PASADENA 


Pasadena 


455 El Dorado Street 
California 


ALUMNI ASSOCIATION OFFICERS 

PRESIDENT SECRETARY 

Ralph W. Jones, '38 Donald S. Clark, '29 

VICE-PRESIDENT TREASURER 

Holley B. Dickinson, 36 John R. Fee, '51 

BOARD OF DIRECTORS 

Robert J. Barry, '38 John D. Gee, '53 

Franklin G. Crawford, '30 William L. Holladay, '24 

Frederick W. Drury, Jr., '50 Howard B. Lewis, Jr., '48 

Claude B. Nolte, '37 

ALUMNI CHAPTER OFFICERS 

NEW YORK CHAPTER 

President Harry J. Moore, '48 


Vice-President 


Secretary 


Harry J. Moore, '48 
I.B.M. Corporation, 590 Madison Avenue 
James C. Townsend, ‘54 
404 East 65th St. 
H. Nelson Upthegrove, '54 
56 Center St., Bernardsville, N.J. 

Frank B. Jewett, Jr., '38 
Vitro Corporation of Ameria, 261 Madison Avenue 


WASHINGTON, D.C. CHAPTER 

President 


Frank H. Sheltnn, '49 
Armed Forces Special Weapons Project 
Richard G. King, '49 


Secretary-Treasurer Richard G. King, 49 

Applied Physics Laboratory, Johns Hopkins University 
Silver Springs, Maryland 


SAN FRANCISCO CHAPTER 

President 


President James A. Ibers, 51 

Shell Development Co., Emeryville 
Vice-President Lee A. Henderson, '54 

Weld Rite Company, Oakand 
Secretary-Treasurer Edwin P. Schlinger, 52 

Scott-Buttner Co., Inc., Mountain View 
Meetings: Fraternity Club, 345 Bush St., San Francisco 
Informal luncheons every Thursday 

CHICAGO CHAPTER 

President Laurence H. Nobles, ’49 

Department of Geology, Northwestern University, Evanston 
Vice-President Philip E. Smith, 39 

Eastman Kodak Company, 1712 Prairie Avenue 

Secretary-Treasurer Thorne J. Butler, 51 

Medical Center, Northwestern University 

SACRAMENTO CHAPTER 

President James W. Dunham, '29 

Division of Small Craft Harbors, State of California, 
Dept, of Natural Resources 
Vice-President Eugene W. Bolster, '45 

Aerojet-General Corporation 
Secretary-Treasurer G. Donald Meixner, Jr., 46 

State of California, Dept, of Natural Water Resources 
Meetings: University Club, 1319 "K" Street 

Luncheon first Friday of each month 

Visiting alumni cordially invited—no reservation 

SAN DIEGO CHAPTER 

Chairman Maurice B. Ross, '24 


Program Chairman 


Maurice B. Ross, '24 
3040 Udal Street 
Frank J. Dore, '45 
Convair 

Herman S. EnglandeT, '39 
U.S. Navy Electronics Laboratory 
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If your sights are set on 


Jet heat blast of more than 15,000 degrees Fahrenheit flares over surface 
of an experimental nose cone shape in a physics laboratory of Avco 
Research and Advanced Development Division, Wilmington, Mass. 


research and development 


-you'll find 
Photography 
at Work 
with you 


Research and development engineers 
find photography one of their most 
versatile tools. Camera and film can 
record the readings of instruments— 
can capture for study the fleeting 
transient on the oscilloscope face. The 
content and structure of metals can be 
studied by photospectrography or 
x-ray diffraction. And stresses in parts 
are visualized by photographing 
plastic models with transmitted polar¬ 
ized light. 

There’s hardly a field on which you 
can set your sights where photography 
does not play a part in simplifying 
work and routine. It saves time and 
costs in research, on the production 
line, in the engineering and sales 
departments, in the office. 

So in whatever you plan to do, take 
full advantage of all the ways photog¬ 
raphy can help. 


CAREERS WITH KODAK : 

With photography and photographic proc¬ 
esses becoming increasingly important in 
the business and industry of tomorrow, 
there are new and challenging opportunities 
at Kodak in research, engineering, elec¬ 
tronics, design, sales, and production. 

If you are looking for such an interesting 
opportunity, write for information about 
careers with Kodak. Address: Business and 
Technical Personnel Department, Eastman 
Kodak Company, Rochester 4, N. Y. 


EASTMAN KODAK COMPANY 

Rochester 4, N. Y. 


TRADE MARK 






Q. Mr. Savage, should young engineers 
join professional engineering socie¬ 
ties? 

A. By all means. Once engineers 
have graduated from college 
they are immediately “on the 
outside looking in,” so to speak, 
of a new social circle to which 
they must earn their right to be¬ 
long. Joining a professional or 
technical society represents a 
good entree. 

Q. How do these societies help young 
engineers? 

A. The members of these societies 
—mature, knowledgeable men— 
have an obligation to instruct 
those who follow after them. 
Engineers and scientists—as pro¬ 
fessional people—are custodians 
of a specialized body or fund of 
knowledge to which they have 
three definite responsibilities. 
The first is to generate new 
knowledge and add to this total 
fund. The second is to utilize 
this fund of knowledge in service 
to society. The third is to teach 
this knowledge to others, includ¬ 
ing young engineers. 

Q. Specifically, what benefits accrue 
from belonging to these groups? 

A. There are many. For the young 
engineer, affiliation serves the 
practical purpose of exposing his 
work to appraisal by other scien¬ 
tists and engineers. Most impor¬ 
tant, however, technical societies 
enable young engineers to learn 
of work crucial to their own. 
These organizations are a prime 
source of ideas — meeting col¬ 
leagues and talking with them, 
reading reports, attending meet¬ 
ings and lectures. And, for the 
young engineer, recognition of 
his accomplishments by asso¬ 
ciates and organizations gener¬ 
ally heads the list of his aspira¬ 
tions. He derives satisfaction 
from knowing that he has been 
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Q. What contribution is the young en¬ 
gineer expected to make as an ac¬ 
tive member of technical and pro¬ 
fessional societies? 

A. First of all, he should become 
active in helping promote the 
objectives of a society by prepar¬ 
ing and presenting timely, well- 
conceived technical papers. He 
should also become active in 
organizational administration. 
This is self-development at work, 
for such efforts can enhance the 
personal stature and reputation 
of the individual. And, I might 
add that professional develop¬ 
ment is a continuous process, 
starting prior to entering col¬ 
lege and progressing beyond 
retirement. Professional aspira¬ 
tions may change but learning 
covers a person’s entire life span. 
And, of course, there are dues to 
be paid. The amount is grad¬ 
uated in terms of professional 
stature gained and should al¬ 
ways be considered as a personal 
investment in. his future. 

Q. How do you go about joining pro¬ 
fessional groups? 

A. While still in school, join student 
chapters of societies right on 
campus. Once an engineer is out 
working in industry, he should 
contact local chapters of techni¬ 
cal and professional societies, or 
find out about them from fellow 
engineers. 

Q. Does General Electric encourage par¬ 
ticipation in technical and profes¬ 
sional societies? 

A. It certainly does. General Elec¬ 
tric progress is built upon cre¬ 
ative ideas and innovations. The 
Company goes to great lengths 
to establish a climate and in¬ 
centive to 3deld these results. 
One way to get ideas is to en¬ 


courage employees to join pro¬ 
fessional societies. Why? Because 
General Electric shares in recog¬ 
nition accorded any of its indi¬ 
vidual employees, as well as the 
common pool of knowledge that 
these engineers build up. It can’t 
help but profit by encouraging 
such association, which sparks 
and stimulates contributions. 

Right now, sizeable numbers of 
General Electric employees, at 
all levels in the Company, belong 
to engineering societies, hold re¬ 
sponsible offices, serve on work¬ 
ing committees and handle im¬ 
portant assignments. Many are 
recognized for their outstanding 
contributions by honor and 
medal awards. 

These general observations em¬ 
phasize that General Electric 
does encourage participation. In 
indication of the importance of 
this view, the Company usually 
defrays a portion of the expense 
accrued by the men involved in 
supporting the activities of these 
various organizations. Remem¬ 
ber, our goal is to see every man 
advance to the full limit of his 
capabilities. Encouraging him to 
join Professional Societies is one 
way to help him do so. 

Mr. Savage has copies of the booklet 
“Your First 5 Years” published by 
the Engineers’ Council for Profes¬ 
sional Development which you may 
have for the asking. Simply write to 
Mr. C. F. Savage, Section 959-12, 
General Electric Co., Schenectady 
5, N. Y. 
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